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Report  of  the  Proceedings 

of  the 

American  Gas  Institute 

Ninth  Annual  Meeting 

held  at 

New  York,  N.  Y., 
October  21,  22  and  23, 1914. 


INSTITUTE  MEETING. 

Morning  SeMion,  Wednesday,  October  21. 

The  ninth  annual  meeting  of  the  American  Gas  Institute 
was  called  to  order  in  the  auditoritun  of  the  United  Engineer- 
ing Societies'  Building,  New  York,  October  21,  1914,  at 
10  A.  M.  sharp  by  the  President,  Mr.  William  H.  Gartley,  Mr. 
George  G.  Ramsdell  being  in  the  Secretary's  chair. 

Upon  motion,  the  reading  of  the  minutes  was  dispensed 
with. 

The  President:    The  first  business  is  the  report  of  the 
Board  of  Directors. 
The  Secretary  then  read  the 

REPORT  OF  THE  BOARD  OF  DIRECTORS. 

The  Board  of  Directors,  at  their  meeting  held  Tuesday, 
October  20,  approved  the  following  reports : 
Secretary  and  Treasurer, 
Technical  Committee, 
Public  Relations  Committee, 
Revision  of  Constitution. 
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In  regard  to  the  last  report,  we  call  attention  to  the  fact  that 
in  Section  23,  the  word  "two"  was  taken  out,  making  the 
section  read,  "The  Board  of  Directors  shall  consist  of  the 
President,  the  Vice-Presidents,  the  Secretary,  etc."  A  change 
was  made  in  Section  10,  to  make  it  read:  "The  Secretary 
shall  submit  each  application  to  the  Membership  Committee, 
who  shall  consider  and  act  upon  it,  and  assign  the  applicant  to 
the  grade  and  membership  to  which,  in  their  judgment,  his 
qualifications  entitle  him.  The  name  of  each  candidate  thus 
approved  by  the  Membership  Committee,  unless  objection  is 
made  by  the  applicant,  shall,  after  approval  by  the  directors,  be 
submitted  to  the  voting  membership  for  election  by  means  of 
a  letter  ballot." 

The  Board  recommended  that  the  matter  of  changing  the 
By-Laws  to  conform  to  the  revised  Constitution,  if  adopted, 
be  referred  to  the  incoming  Board  of  Directors. 

The  Board  approved  the  papers  to  be  read  at  this  meeting. 

The  Board  also  suggested  that  a  committee  be  appointed 
to  take  up  the  matter  of  affiliation  with  state  and  other  gas 
associations,  with  a  view  to  enlarging  the  scope  of  the  work 
of  the  Institute,  particularly  in  connection  with  the  work  of 
the  Public  Relations  Committee. 

REPORT  OF  THE  SECRETARY  AND  TREASURER. 


Report  of  Committee  on  Securing  New  Members. 

The  list  of  new  members  elected  during  the  year  has  been 
as  follows : 

On  the  March  ballot— 

Active 51 

Associate 17 

Junior 36 

—  104 
Transferred  to  active 3 
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On  the  September  ballot- 
Active  39 

Associate 1 1 

Junior 23 

""    73 
Transferred  to  active i  — 

177 
G.  T.  Macbeth,  Chairman, 
G.  G.  Ramsdell,  Secretary, 
W.  S.  Blauvelt, 
Paul  Doty, 
Austin  Burt, 
H.  L.  Rice. 

(The  names  of  the  members  elected  on  the  March  and 
September  ballots  are  not  shown  here,  as  they  are  indicated  by 
the  letter  "N"  on  the  membership  list  at  the  end  of  Part  II. 

The  list  of  members  present  at  the  meeting  will  also  be 
found  in  the  same  list,  designated  by  the  letter  "P.") 

Treasurer's  Report. 

2nd  October,  19 14. 
Mr.  William  H.  Gartley,  President, 
American  Gas  Institute, 
29  West  39th  Street,. 
New  York  City. 
Dear  Sir  : 

I  have  the  honor  to  report  that  I  have  audited  the  cash 
accounts  of  the  American  Gas  Institute  for  the  period  of 
12  months  ended  31st  August,  19 14,  and  have  found  the  same 
to  be  correct. 

I  verified  that  all  receipts  for  the  entire  year  as  shown  by 
the  cash  book  had  actually  been  deposited;  that  all  disburse- 
ments have  been  duly  authorized  and  were  covered  by  prop- 
erly approved  vouchers ;  and  further  tested  the  correctness  of 
the  payments  by  examining  certain  of  the  vendors*  invoices. 
A  certificate  was  obtained  from  the  bank  confirming  the  bal- 
ance on  deposit  as  shown  by  your  records  as  of  31st  August, 
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1914-    The  petty  cash  on  hand  was  counted  and  found  to  be 
correct. 

In  addition  to  the  detailed  audit  of  the  cash,  comprehensive 
tests  were  made  of  the  subsidiary  records,  and  I  was  fully 
satisfied  as  to  their  accuracy. 

In  my  opinion  the  annexed  schedule  presents  a  correct  state- 
ment of  the  cash  receipts  and  disbursements  of  the  period 
under  review. 

Very  truly  yours, 

Chester  P.  Child, 
Certified  Public  Accountant. 
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Statement  of  Outstanding  Accounts. 

Delinquents  for  one  year's  dues,  ending  August  31,  1914. 

Active,         78@I10.00 I780.00 

Associate,     9@    10.00 90.00 

Junior,         22  @     5.00 110.00    $   980.00 

Delinquent  for  two  years. 

Active,        42  @  I20.00 I840.00 

Associate,     7@    20.00 140.00 

Junior,          4@    10.00 40.00      1,020.00 

Delinquent  for  three  years. 

Active,        31  @  I30.00 I930.00 

Associate,    14®    30.00 420.00 

Junior,          6@    15.00 90.00      1,440.00 

13,440.00 

Owing  for  Bulletin  of  Abstracts 45.00 

Unpaid  miscellaneous  sales 802.53 

$4,287.53 

Membership  Report. 

Total  members  September  i,  1913 1,471 

New  members  elected 177 

1,648 

Members  deceased 13 

Members  resigned   62 

Members  dropped  for  non-payment 51 

Did  not  qualify 2  128 

Total,  August  31,  1914 1,520 

Secretary's  Report  on  Badges  and  Proceedings. 

Badges  on  hand  September  i,  1913 140 

Sold  during  year 22 

On  hand  August  31,  1914 1 18 

Proceedings — Volumes  i,  2,  3,  4,  5,  6. 

In  stock  September  i,  1913 1,159 

Sold  during  year 33 

In  stock  September  i,  1914 1,126 

Volume  7. 

In  stock  September  1,1913 325 

Sent  out  and  sold  during  year 47 

In  stock  September  I,  19 14 278 
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Volume  8. 

Received  473 

Sent  out  and  sold  during  year 86 

In  stock  September  i,  1914 387 

Suppi^EicENTAi.  Report. 

Cash  statement  September  i  to  October  i,  1914. 

Balance  in  bank  September  i 11,191.23 

Received  for  dues,  etc 6,010.82 

17,202.05 
Disbursements 2, 144.73 

Balance  on  hand  October  1 $5iQ57>32 


REPORT  OF  THE  FINANCE  COMMITTEE. 

October  13,  1914. 
To  the  Directors  of  the  American  Gas  Institute, 

Gentlemen :  Enclosed  please  find  the  report  of  the  Treasurer 
for  the  fiscal  year  ending  August  31,  191 4. 

Your  Finance  Committee  has  had  the  books,  accounts  and 
statements  of  the  Treasurer  audited  by  Chester  P.  Child,  Certi- 
fied Public  Accountant,  and  he  has  found  the  Treasurer's  Re- 
port to  be  correct.  We  attach  herewith  a  copy  of  the  Auditor's 
Report. 

It  will  be  noticed  that  the  certificate  of  the  auditor  is  to  the 
effect  that  he  has  audited  the  "Cash  Accotmts"  of  the  American 
Gas  Institute.  The  cash  accounts  may,  and  probably  do,  show 
fairly  closely  the  income  and  expenditures  for  any  year,  but 
there  is  no  certainty  that  this  is  the  case  and  your  committee 
would  suggest  that  in  the  future  the  Treasurer's  Report  show, 
in  addition  to  the  actual  receipts  and  expenditures,  the  income 
and  expenses  properly  belonging  to  the  fiscal  period  reported 
upon. 

Assuming  that  the  cash  accoimts  do  correspond  fairly  closely 
with  the  income  and  expenses  it  will  be  seen  that  during  the 
last  fiscal  year  the  expenses  exceeded  the  income  by  practically 
$3,100.    With  a  continuation  of  the  existing  conditions,  it  is 
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not  probable  that  the  income  during  the  next  fiscal  year  will 
exceed  the  income  for  the  last  fiscal  year  by  more  than  $700. 
Since  the  cash  on  hand  was  only  about  $1^00  the  Institute 
faces  a  continuing  deficit,  with  no  balance  to  draw  upon,  during 
the  coming  years  unless  the  income  can  be  increased  or  the 
expenses  cut  down.  The  latter  result  cannot  be  achieved 
without  seriously  curtailing  the  already  too  limited  amount  of 
work  done  by  the  Institute  and  therefore  it  is  imperative  that 
the  income  be  increased. 

This  situation  will  be  met  by  a  recommendation  of  the 
Committee  on  the  Revision  of  the  Constitution. 
Respectfully  Submitted, 

Alfmd  E.  F0RSTAI.L,  Chairman, 

C.  H.  Graf, 

R.  M.  SEARI.E. 

The  President:  The  report  of  the  Board  of  Directors 
includes  the  report  of  the  Committee  on  the  Revision  of  the 
Constitution.  You  will  notice  that  this  report  has  a  place 
further  down  in  the  morning  program.  Changes  in  the  Con- 
stitution must  be  voted  on  by  ballot.  To  permit  the  election 
of  officers  for  the  year  1916  to  be  governed  by  the  amended 
Constitution,  the  changes  must  be  adopted  this  morning.  Our 
Constitution,  as  revised,  provides  that  the  vice-presidents  shall 
be  elected  from  the  various  Sections,  and  that  the  Sections 
themselves  shall  nominate  three  names  from  whom  the  Nom- 
inating Committee  will  select  the  vice-presidents  for  the  year 
1916.  If,  therefore,  we  allow  the  vote  on  the  revision  of  the 
Constitution  to  go  until  Friday  morning,  you  will  see  that,  the 
Section  meetings  being  over,  there  will  be  no  opportunity  to 
select  these  names.  Then  again,  we  cannot  accept  any  amend- 
ment to  the  report  because  the  Constitution  provides  that  any 
amendment  shall  first  be  voted  upon  by  the  Board  of  Directors, 
who  will,  after  favorable  vote,  present  it  to  the  Institute. 
Therefore,  I  ask  you  to  look  over,  and  become  acquainfed 
with,  the  Constitution  as  revised,  so  that  we  can  vote  to  adopt 
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the  report  as  a  whole  or  let  the  whole  matter  go  over  for 
another  year.    This  we  think  would  be  unfortunate. 

What  is  your  pleasure  regarding  the  report  of  the  Board  of 
Directors  ? 

Mr.  Paul  Doty  (St.  Paul,  Minn.)  :  I  move  the  adoption 
of  the  report  of  the  Directors. 

The  motion  was  seconded  and  carried. 

The  President  then  called  Capt.  W.  E.  McKay,  First  Vice- 
President,  to  the  chair,  while  he  read  his  address. 

PRESIDENT'S  ADDRESS. 

Among  the  duties  that  fall  to  the  lot  of  your  presiding 
officer  not  one  is  more  agreeable  than  that  of  welcoming  you 
to  the  forty-second  consecutive  annual  convention  of  the  gas 
men  of  our  country,  a  country  still  rich  in  the  natural  resources 
of  our  business,  enjoying  the  advantages  of  peace,  abundant 
products  of  the  farm  and  field  and  factory,  and  a  people  well 
acquainted  with  the  advantages  of  our  product  as  a  lighting 
and  heating  agent  for  domestic  and  industrial  purposes.  Fate 
has  ordained  that  those  countries  whose  people  have  shared 
with  us  in  the  building  up  of  the  technique  and  practical 
development  of  the  gas  business  should  now  be  engaged  in  a 
bitter  and  destructive  conflict ;  and  it  becomes  us  in  a  chastened 
spirit  of  humility  and  thankfulness  to  extend  to  our  contem- 
poraries in  these  countries  our  sympathy,  and  particularly  to 
the  members  of  the  Belgian  Gas  Association  our  extreme 
condolence  that  they  should  find  their  country  devastated  and 
its  people  wanderers  because  of  a  war  in  which  they  appear 
to  have  taken  no  initiative. 

The  Institute  is  now  about  to  start  its  tenth  year  and  it  has 
seemed  to  me  worth  while  to  occupy  your  time  by  a  brief  re- 
view of  how  the  Institute  has  performed  the  duties  contem- 
plated for  it  by  the  founders  of  its  constitution.  I  should 
like,  if  time  permitted,  to  read  the  address  of  that  President 
of  the  Institute  made  at  the  first  Convention  after  the  Consti- 
tution was  presented  and  adopted  in  its  amended  form.  Quot- 
ing from  his  address,  he  said : 
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"It  is  not  certain  that  our  industry  will  profit  from  the 
change  that  we  have  wrought.  We  have  destroyed  three 
of  the  most  useful  organizations  of  practical  and  scien- 
tific men  that  have  ever  existed;  we  have  abandoned  the 
old  simple  form  of  organization,  with  the  old  unpretentious 
names;  we  are  erecting  a  new  and  complex  organization, 
with  a  name  suggestive  rather  of  confidence  than  of 
modesty." 

He  said : 

"It  is  designed  by  the  new  Constitution  to  eflfect  what 
I  understand  to  be  the  determination  of  the  membership 
of  this  Institute,  to  continue  and  extend  the  technical 
work  of  the  late  gas  associations,  and  further  to  so  con- 
duct the  affairs  of  the  Institute  that  it  shall  be,  and  be  rec- 
ognized as  being,  the  authority  in  the  United  States  on  all 
questions  relating  to  the  manufacture,  distribution  and 
utilization  of  gas,  including  the  keeping  of  accounts,  and 
the  relations  between  gas  companies  and  consumers  and 
gas  companies  and  the  City  and  State.  It  is  possible, 
by  the  exercise  of  care  and  deliberation,  to  so  place  this 
Institute  that  it  will  be  universally  recognized  as  an  au- 
thority to  which  appeals  may  be  made,  with  confidence 
that  scientific  accuracy  and  perfect  justice  will  charac- 
terize its  decisions.  The  existing  agitation  on  the  subject 
of  public  service  utilities,  their  charges  and  service,  and 
the  variety  of  laws,  regulations  and  standards  proposed 
by  the  various  States,  indicate  the  importance  of  some 
recognized  authority." 
The  Constitution  provides  that  the  work  shall  be  conducted 

under  three  general  headings : 

1.  The  work  of  the  Public  Relations  Committee. 

2.  The  work  of  the  Technical  Committee. 

3.  The  co-ordination  of  research  work  and  the  cultivation 
of  intimate  working  relations  between  the  State  Associations 
and  the  National  Institute. 

The  work  of  the  Public  Relations  Committee  has  been  con- 
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ducted  in  such  a  manner  as  to  fulfill  the  purposes  of  the 
founders  of  the  Constitution.  It  has  become  a  recognized 
authority.  It  has  created  confidence  in  its  scientific  accuracy. 
Throughout  the  history  of  the  Institute  the  work  of  the  Public 
Relations  Committee  in  conferences  with  the  Bureau  of 
Standards  at  Washington,  investigations  leading  to  the  fixing 
of  standards  of  quality,  hearings  before  State  Commissions, 
the  reviewing  of  proposed  regulations,  the  subject  of  work- 
men's compensation  laws,  and  other  laws  affecting  our  busi- 
ness, is  well  known  to  many  of  you,  although  the  modesty 
displayed  in  the  reports  of  the  Committee  give  too  slight  an 
indication  of  the  value  of  their  activities. 

The  Technical  Committee  may  well  claim  to  have  performed 
all  the  functions  that  were  assigned  to  it  by  the  founders  of 
the  Constitution.  The  papers  that  are  presented  to  the  In- 
stitute, and  which  to  a  great  ntunber  of  the  members  consti- 
tute their  most  intimate  association  with  the  work  of  the 
Institute,  are  of  a  standard  beyond  adverse  criticism.  Our 
Proceedings  constitute  practically  all  that  is  published  of 
American  gas  practice  in  every  operation  but  the  commercial 
work.  The  reports  of  the  Institute's  Committees  on  special 
subjects  constitute  the  final  authority  on  these  subjects. 

This  Convention  is  the  forum  in  which  gas  men  meet  for 
the  presentation  of  ideas  before  a  critical  audience,  and  much 
might  be  said  in  detail  of  the  far  reaching  effect  that  has  been 
produced  by  the  papers  presented.  I  have  in  mind  one  com- 
paratively simple,  short,  practical  paper  presented  some  seven 
years  ago,  of  which  the  author  has  told  me  that  no  subsequent 
year  has  gone  by  since  its  publication  that  he  has  not  received 
inquiries  and  discussions  by  mail  from  all  parts  of  the  country. 

The  great  principle  involved  in  the  presentation  of  these 
papers  is  co-operation,  as  opposed  to  a  narrower  spirit  of 
self  interest.  The  President  of  the  University  of  Wisconsin 
in  a  speech  made  last  year,  after  expressing  a  realization  of  the 
fact  that  the  success  met  in  destroying  the  great  combinations 
known  as  "trusts"  had  not  resulted  in  bringing  about  what 
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was  desired,  i,  c,  reducing  the  price  of  the  commodity  supplied 
through  open  competition,  said : 

"Co-operation  is  the  cry  of  humanity  in  this  Twentieth 
Century,  and  commerce  should  not  be  eliminated  from 
sharing  its  great  benefits.  In  our  desire  to  retain  legi- 
timate competition,  we  should  take  care  not  to  outlaw 
legitimate  co-operation." 

My  earnest  advice  to  every  member  of  this  Institute  who 
desires  to  place  himself  on  record  as  having  carefully  and 
systematically  set  down  a  full  knoAvledge  of  some  detail  of  the 
business,  or  who  wishes  to  have  his  mind  emerge  from  a  hazy 
general  conception  and  "rule  of  thumb"  ideas  on  some  one 
subject,  is  to  prepare  a  paper  and  submit  it  to  the  Technical 
Committee  of  the  Institute.  In  no  other  way  can  a  man  better 
master  a  subject.  In  no  way  can  he  better  determine  for 
himself  and  others  the  scope  of  his  ability  in  connection  with 
the  business. 

As  to  the  third  general  purpose  of  the  work  of  the  Institute 
in  its  relations  to  its  affiliated  State  Associations,  it  may  be 
said,  and  too  hastily  said,  that  the  result  of  the  9  years  of 
operation  has  failed  to  carry  out,  except  in  a  very  small  degree, 
the  ideals  of  the  founders  of  the  Institute.  Four  State  Asso- 
ciations alone  have  formally  affiliated  themselves  with  the 
Institute,  but  the  results  of  affiliation  as  outlined  in  the  Con- 
stitution have  not  been  realized. 

It  was  intended  that  the  Institute  would  confer  with,  and 
assign  to,  the  State  Associations  some  line  of  research  to  be 
carried  on  under  the  supervision  of  the  Technical  Committee 
of  the  Institute,  and  the  State  Associations  were  to  make  cer- 
tain agreements  as  to  the  limitation  of  qualifications  for  mem- 
bership; among  these,  that  each  association  was  to  confine  its 
membership  to  the  district  covered  by  the  association. 

It  appears  that  for  some  unfortunate  wording  in  the  declar- 
ation of  these  purposes  as  given  in  the  Constitution,  or  by 
some  unfortunate  misconception  of  the  purposes  of  the  In- 
stitute, the  local  associations  have  felt  that  the  Institute  was 
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endeavoring  to  curtail  their  liberties,  to  direct  their  activities 
and  to  assume  a  control  over  their  procedure  that  they  were 
not  willing  to  grant.  And  yet  I  am  confident  that  there  are 
men  now  before  me,  strong  advocates  of  the  usefulness  of  the 
local  associations,  who  are  convinced  that  the  work  of  the 
Institute  has  been  of  prime  importance  to  the  State  Associa- 
tions, and  to  the  gas  interests  represented  by  those  associa- 
tions. Particularly  do  I  refer  to  the  work  of  the  Public  Re- 
lations Committee,  who  have  been  vigilant  in  watching  the 
development  of  legislation  and  the  trend  of  regulation  by 
State  Commissions  in  all  portions  of  our  country,  whether  or 
not  represented  by  an  affiliated  association.  It  is  my  opinion 
that  the  idea  expressed  by  the  founders  of  the  Institute  in 
suggesting  affiliation  with  the  local  associations  will  still  be 
found  to  be  one  of  great  importance,  and  I  would  suggest  that 
this  matter  be  taken  up  now  to  determine  exactly  what  can 
be  done  to  bring  about  a  closer  bond  between  all  of  the  asso- 
ciations. 

I  have  had  the  thought  that  there  might  be  combined  with 
the  headquarters  of  the  Institute,  a  department  which  might  be 
called  a  "Bureau  of  Statistics,"  supported  by  contributions 
from  the  State  Associations,  and  who  would  work  in  conjunc- 
tion with  the  Public  Relations  Committee  in  doing  that  work 
which  can  be  done,  as  I  see  it,  by  the  Public  Relations  Com- 
mittee of  the  Institute  alone,  namely,  the  furnishing  to  the 
State  Associations  of  data,  information  and  arguments  that 
have  been  presented  to  other  Station  Commissions  in  solving 
the  same  problems.  I  do  not  now  intend  to  make  that  sug- 
gestion because  other  provisions,  looking  to  an  even  larger 
degree  of  usefulness  in  the  relations  of  the  Institute  with  the 
State  Associations,  are  under  consideration. 

The  Institute  represents  the  gas  interests  of  the  country 
and  not  the  gas  companies.  The  voting  membership  of  the 
Institute  is  confined  to  individual  members,  employees  of  gas 
companies  or  of  consulting  experts  in  the  gas  companies'  busi- 
ness, each  of  whom  must  be  competent  to  act  as  a  manager  of 
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a  department  of  a  gas  company,  and  who  must  have  his  prin- 
cipal interest  in  the  manufacture,  distribution  and  sale  of 
gas,  and  be  over  26  years  of  age.  This  body  of  men  is  neces- 
sarily limited  in  the  United  States,  but  it  is  that  body  of  men 
who  are  most  keenly  interested  in  the  development  of  the  busi- 
ness and  who  are  best  able  to  judge  how  the  technique  of  that 
business  shall  develop.  There  is  no  company  membership  in 
the  Institute.  No  company  can  vote,  and  no  combination  of 
companies  control  its  affairs.  The  expense  of  carrying  on  the 
work  of  the  Institute  is  met  from  the  annual  dues,  initiation 
fees  and  from  the  sale  of  its  Proceedings,  papers  and  pub- 
lications. 

Again,  the  Institute  has  not  indulged  itself  in  any  campaign 
for  new  members  in  the  modem  sense  of  the  word ;  the  initia- 
tion fee  has  never  been  suspended  and  the  dues  are  higher 
than  those  associations  to  which  financial  assistance  is  ren- 
dered through  company  membership.  With  no  intention  of 
making  any  imfavorable  comparison  with  other  organizations, 
nor  to  comment  on  their  constitutional  provisions,  I  hold  that 
this  spirit  of  independence  that  has  been  the  marked  char- 
acteristic of  the  American  Gas  Institute  should  be  maintained 
to  the  end.  Our  business  is  to  perfect  ourselves  in  all  the 
knowledge  that  pertains  to  our  trade,  through  co-operation, 
and  to  protect  the  gas  interests  by  furnishing  accurate  in- 
formation based  on  scientific  and  practical  experience  by 
which  no  commission  or  other  authorative  body  can  be  mis- 
led. 

The  Institute  is  solvent  at  the  present  time,  but  for  the 
fiscal  year  ending  August  31,  1914,  there  has  been  a  consider- 
able depletion  of  its  surplus,  which  has  been  reduced  from  a 
balance  on  hand  August  31,  1913,  of  $4,313.82,  to  a  balance 
on  hand  August  31,  1914,  of  $1,191.23.  From  time  to  time 
it  is  necessary  to  make  considerable  extra  expenditures.  The 
Institute  is  larger  than  ever  before;  is  exercising  an  influence 
that  is  gradually  increasing  and  it  can  scarcely  be  expected 
that  the  expenditures,  if  it  is  to  fulfill  its  purposes,  can  be 
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maintained  without  increase.  Larger  expenditures  are  now 
necessary  if  the  Institute  is  to  maintain  its  present  dignified 
and  useful  character.  The  offices  of  the  Institute  are  not 
adequate  for  the  work  that  is  being  done;  they  are  crowded, 
and  a  room  should  be  provided  for  frequent  committee  meet- 
ings, without  upsetting  the  business  of  the  office;  and  also 
accommodation  should  be  made  by  which  the  Public  Rela- 
tions Committee  may  have  an  office  for  its  secretary,  con- 
nected with  the  headquarters  of  the  Institute,  that  would  be 
sufficiently  large  to  hold  the  committee's  records  and  file  the 
data  and  information  necessary  for  the  performance  of  the 
committee's  duties.  It  should  be  an  office  that  will  give  an 
impression  of  the  dignity  and  force  of  the  committee's  work. 
This  is  urgently  needed.  The  records  of  this  committee 
should  be  a  part  of  the  records  of  the  Institute,  and  not  be 
contained  in  the  offices  of  the  members  scattered  through  sev- 
eral cities. 

It  has  been  important  that  the  Institute  should  associate  it- 
self with  certain  other  organizations  and  contribute  to  carrying 
out  purposes  well  defined  and  bearing  on  our  trade.  Among 
these  are  the  International  Commission  on  lUiunination  and 
the  National  Fire  Protection  Association,  and  such  combina- 
tions as  are  represented  by  our  Committee  on  Electrolysis. 

At  the  time  of  the  first  report  of  the  Public  Relations  Com- 
mittee of  the  Institute  in  1907  in  which  they  stated : 

"That  the  change  from  the  policy  of  open  competition 
as  a  regulating  force  and  secret  accounting,  to  State 
Supervision  and  regulation  with  public  accounting  is  not 
inimical  to  the  interests  of  the  owners  of  gas  properties 
provided  that  it  is  accompanied  by  protection  to  the 
values  of  the  properties  supplying  the  public  need.  Such 
protection  is  as  necessary  to  the  public  interest  as  to  the 
corporations,  since  without  it  capital  cannot  be  secured 
to  make  necessary  extensions  and  improvements." 
There  were  3  states  that  had  adopted  State  Commission 
control  of  public  utilities.    To-day  47  states  and  the  District 
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of  Columbia  have  followed  their  predecessors  ami,  with  one 
exception,  all  the  States  in  the  Union  have  now  State  Commis- 
sions for  the  regulation  of  public  utilities;  of  these,  28  have 
authority  to  impose  regulations  on  gas  companies;  15  of  the 
latter  have  published  or  adopted  proposed  rules,  and  5  others 
are  known  to  be  formulating  similar  rules. 

The  result  of  this  supervision  by  men  of  judicial  minds 
whose  business  it  is  to  become  thoroughly  acquainted  with  the 
operations  of  public  utilities  in  order  that  justice  shall  be  done 
to  the  public  as  well  as  to  the  capital  invested  in  the  com- 
panies, has  developed  several  facts  of  interest.  The  first  of 
these  is  that  the  gas  companies,  upon  competent  investigation 
on  the  part  of  the  commissions,  particularly  after  the  comis- 
sion  has  become  well  informed  of  the  state  of  the  art  of  gas 
making  with  its  marked  peculiarities  not  encountered  in  any 
other  public  utility  business,  have  been  found  to  have  very 
little  to  condemn  in  the  conduct  of  their  business.  If  injury 
has  been  suffered  by  the  public  through  the  operation  of  other 
public  utilities,  the  gas  companies  were  found  to  have  been 
conducting  their  business  in  an  intelligent  and  careful  manner, 
been  maintaining  good  quality  of  gas  and  performing  good 
service  to  their  consumers. 

Another  fact  is  that  the  relations  of  the  Public  Utility  Com- 
missions, as  they  have  developed  year  after  year,  have 
strengthened  the  position  assumed  by  many  gas  engineers  that 
the  quality  of  gas  delivered  to  the  consumer  in  the  great 
majority  of  cities  was  not  only  extravagantly  high,  but  that  a 
lower  quality  of  gas  in  many  cases  would  have  given  better 
service.  This  statement,  appearing  to  the  untrained  mind  as 
an  absurdity,  upon  careful  investigation  has  been  proven  to  be 
correct.  It  has  been  held  by  engineers  and  experienced  gas 
managers  for  some  years  that  a  gas  of  570  heat  units  would, 
on  the  whole,  for  the  numerous  uses  of  gas,  be  more  satis- 
factory than  one  of  600  heat  units;  but  it  was  not  until  the 
last  2  years  that  any  Public  Utility  Commission  has  felt  itself 
secure  enough  in  their  position  to  set  the  standard  so  low. 
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A  third  and  most  important  point  has  been  made  prominent. 
No  country-wide  general  laws  can  be  laid  down  regarding  the 
quality  that  is  at  once  applicable  to  every  gas  company's  situa- 
tion, but  on  the  other  hand  the  companies  of  each  State  must 
be  examined  as  to  their  own  local  conditions  by  an  experienced 
Commission.  To  attempt,  for  instance,  to  advise  all  State 
Commissions  that  some  one  standard  of  quality  should  be  re- 
quired of  all  gas  companies  is  to  court  a  loss  of  respect  by 
State  Commissions  for  the  value  of  that  source  of  advice.  On 
the  other  hand,  I  believe  that  a  State  Commission  should  not 
yield  to  the  temptation  to  impose  more  severe  standards  of 
quality  on  the  more  important  gas  companies  within  their  con- 
trol, and  less  severe  on  the  smaller  companies. 

No  Commission  has  yet  adopted  a  photometric  standard,  but 
one  has  adopted  a  dual  standard  of  calorimetric  and  photo- 
metric values,  and  this  in  Ohio  is  a  peculiar  case  in  which, 
owing  to  the  large  quantity  of  natural  gas,  they  require  800  heat 
units  for  the  natural  gas,  and  600  heat  units  and  12  candle- 
power  for  artificial  gas.  All  Commissions  so  far  fixing  stand- 
ards of  value  for  gas  have  agreed  that  the  gas  should  be  meas- 
ured according  to  its  heating  value. 

And  yet  to-day  there  is  more  gas  being  made  under  candle- 
power  requirements  than  under  heat  unit  requirements.  The 
causes  for  this  condition  are  diversified, — existing  municipal 
laws,  contracts  and  inability  to  make  changes  quickly  on  the 
part  of  the  gas  companies  under  condition  peculiar  to  the 
localities,  and  conflict  of  authority  between  State  Commissions 
and  municipalities  are  some  of  them.  While  each  case  must 
be  decided  on  its  own  merits,  it  is  believed  that  the  country  at 
large  is  coming  to  a  heat  unit  standard. 

On  the  whole,  and  I  say  this  with  full  realization  that  some 
qiembers  of  the  Institute  will  not  endorse  my  statement,  the 
operation  of  the  gas  business  under  the  regulation,  inspection 
and  control  of  judicial  bodies,  well  informed  as  to  the  art  of 
gas  manufacture,  distribution  and  sale,  giving  an  opportunity 
to  show  not  only  by  arguments,  but  by  inspections  and  tests 
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the  justice  of  their  position  and  get  decisions  based  thereon, 
is  of  advantage  and  would  not  willingly  be  changed  by  the 
gas  companies.  It  has  been  helpful  in  taking  the  gas  business 
out  of  the  field  of  partisan  interference  and  putting  it  on  a 
stronger  basis.  Writers  on  economics  now  assert  with  con- 
fidence that  public  utilities,  such  as  gas  supply,  are  "natural 
monopolies."  One  Justice  of  the  Supreme  Court  calls  them 
"necessary  monopolies,"  and  the  theory  now  meets  with  gen- 
eral acceptance  that  the  supply  of  artificial  gas  in  any  district 
can  best  be  conducted  as  a  "natural  monopoly,"  subject  to 
State  regulation.  While  we  are  accustomed  to  this  idea  in  this 
year,  yet  how  venturesome  we  would  have  considered  a  presi- 
dent of  a  gas  company  lo  years  ago  who  dared,  in  the  face  of 
public  sentiment,  to  maintain  such  an  attitude. 

The  Wisconsin  Commission  states  that  all  public  utilities 
should  be  operated  under  an  "indeterminate  franchise,"  or 
"indeterminate  permit,"  by  which  the  public,  either  munici- 
pality or  State,  at  certain  times  may  purchase  the  plant  and 
business  under  conditions  which  will  secure  to  the  company 
the  right  to  appeal  to  the  courts  to  get  justice  in  the  matter 
of  value. 

Perhaps,  with  fair  dealing  and  open  justice,  a  gas  company 
would  not  be  unwilling  to  be  forced  to  sell  to  the  municipality, 
and  the  idea  of  municipal  operation  still  is  attractive  to  many 
minds  whose  high  degree  of  intellectual  development  is  ac- 
companied by  a  rather  low  standard  of  practical  common 
sense.  Without  diverging  into  a  discussion  of  this  feature,  it 
can  be  said  that  while  the  operation  of  utilities  under  State 
Commissions  is  generally  believed  to  be  as  satisfactory  an  ar- 
rangement as  has  yet  come  within  human  purview,  yet  such 
objection  to  it  as  has  so  far  appeared  is  due  to  the  desire  of 
municipalities  to  participate  in  the  operation  of  the  utilities 
within  their  boundaries.  The  officers  and  some  of  the  citizens 
of  the  municipalities  are,  here  and  there,  not  content  that  in 
their  dealings  with  public  utilities  they  shall  have  a  court 
of  appeal  provided,  made  up  of  men  well  informed  and  expert 
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in  the  workings  of  the  utilities,  but,  being  one  party  to  the  con- 
tract, they  desire  also  to  have  some  of  the  authority  to  control 
the  other  side  by  coersion,  through  local  ordinances  or  breach 
of  contract — a  most  unfair  proposition.  Statistics  show  with 
such  overwhelming  force  that  the  chances  of  success  of  munici- 
pally operated  public  utilities  are  far  less  than  those  privately 
operated;  that  it  would  seem  sufficient  to  convince  the  most 
sceptical ;  but  the  theory  is  an  attractive  one  and  will  continue 
until  some  one  is  able  to  present  the  entire  case  in  such  a  man- 
ner as  to  finally  dispose  of  it.  The  three  last  Presidents  of  the 
United  States  have  each  declared  his  opposition  to  the  govern- 
mental operation  of  interstate  utilities. 

The  first  Commissions  in  issuing  regulations  and  general 
supervision  over  the  affairs  of  gas  companies  no  doubt  felt 
their  responsibilities  resting  heavily  upon  them.  They  were 
entering  a  new  field  of  judicial  procedure  and  were  assuming 
executive  functions,  the  practical  effect  of  which  was  as  un- 
certain to  them  as  to  the  gas  companies.  The  Wisconsin  Com- 
mission issued  its  rules  prior  to  1907  requiring  heating  power 
standard,  yet  it  was  not  until  1913,  after  an  elaborate  general 
investigation  by  the  Engineers  of  the  Gas  Commission  of  the 
Second  District  of  New  York  and  the  Empire  State  Gas  & 
Electric  Association,  that  it  was  known  definitely  by  the  gas 
men  what  difficulties  and  what  possibilities  of  manufacture  and 
distribution  of  gas  lay  in  a  heating  power  standard ;  and  what 
is  true  of  this  one  particular  applies  in  general  to  all  the  re- 
lations between  the  State  Commissions  and  the  gas  com- 
panies. With  48  Public  Utility  Commissions  handing  down 
decisions  and  rulings  on  all  the  intricacies  pertaining  to  the 
business,  the  Commissions  are  now,  and  will  be  more  so, 
hedged  about  with  the  great  mass  of  precedents  and  opinions 
affecting  their  decisions  and  rulings,  and  these  will  gradually 
partake  of  a  closer  adhesion  to  prior  decisions.  An  opinion 
or  announcement  of  some  new  principle,  acceptable  to  both 
sides,  influencing  the  future  of  our  business,  may  appear 
through  the  dealings  of  the  States  Commission  with  some 
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Other  public  utilities,  and  in  our  own  work  the  manager  of  a 
gas  company,  while  endeavoring  to  comply  with  the  Com- 
mission's rulings,  will  encounter  such  a  mass  of  fine  distinc- 
tions and  apparent  confusion  of  decisions  that  to  any  but  the 
legal  mind,  specializing  in  this  work,  discouragement  will  fol- 
low bewilderment. 

It  becomes  very  desirable  and  necessary  that  these  rulings 
and  decisions  of  Commissions  in  their  treatment  of  all  public 
utilities  shall  be  digested  for  us  by  competent  legal  authority 
and  presented  in  such  a  way  that  the  decisions  of  all  the  State 
Commissions  will  be  indexed  and  annotated  so  that  we  may 
have  with  each  decision  reference  to  other  previous  decisions 
on  the  same  point.  The  preparation  of  such  volumes  is  a 
matter  of  great  importance,  and  will  require  a  considerable 
financial  outlay.  No  decision  by  any  State  Commission  can 
be  trusted  to.  They  are  of  merely  local  importance.  The 
decisions  of  these  Commissions  must,  if  intelligently  and  fairly 
made,  partake  of  much  of  the  character  of  court  decisions, 
established  on  the  laws  of  the  State  and  based  on  the  powers 
of  the  Commissions  and  modified  by  their  previous  rulings  and 
those  of  other  Commissions.  The  preparation  of  such  a 
document  would  therefore  be  not  only  essential  to  the  gas 
companies,  but  might  become  of  assistance  to  the  laws  of  pre- 
cedents. 

Steps  have  been  taken  to  have  published  and  distributed 
to  subscribers  from  time  to  time  a  report  and  digest  by  com- 
petent legal  authority  and  published  in  much  the  same  way  as 
the  Legal  Reports  and  Digests  now  appear,  i.  e.,  in  bound 
volumes  at  regular  periods  and  in  small  pamphlet  form  pre- 
senting the  Commissions'  rulings  within  a  few  days  after  they 
are  rendered.  I  would  ask  your  particular  attention  to  this 
and  the  support  of  the  Institute  in  carrying  out  this  work, 
and  I  suggest  that  some  action  be  taken  by  the  Institute  at  this 
meeting  looking  to  the  cordial  support  by  subscription  of  the 
publication  of  these  volumes.  In  view  of  the  large  expense 
involved,  and  realizing  that  the  value  of  the  publications  is 
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proportioned,  almost,  one  might  say  as  the  Nth  power  of  the 
ability  of  the  reviewers  of  the  decisions,  it  would  appear  that 
we  should  unite  with  the  other  public  utilities  interested  to 
have  this  work  done  by  the  highest  authority,  and  in  the  most 
complete  way  in  which  it  can  be  secured. 

The  program  that  will  be  presented  at  the  sectional  meet- 
ings is  a  sufficient  guarantee  that  in  giving  up  your  business 
to  attend  this  Convention,  you  will  be  repaid  by  the  informa- 
tion that  can  be  acquired  from  attendance  at  the  sectional 
meetings.  In  this  connection  I  want  to  urge  upon  you  the 
prompt  and  full  attendance  throughout  the  time  that  has  been 
set  aside  for  these  sectional  meetings.  I  am  not,  personally, 
one  of  those  who  believe  that  the  greatest  benefit  can  accrue 
in  attendance  at  these  conventions  by  conferences  on  the  out- 
side during  the  sessions.  Important  as  these  are,  and  fre- 
quently of  unusual  value,  yet  they  should  not  be  allowed  to 
keep  a  member  away  from  the  sectional  meetings.  It  is  due 
to  the  men  who  write  the  papers,  to  the  officers,  and  particu- 
larly to  the  Technical  Committee,  that  you  should  be  in  your 
place  promptly  at  the  opening  of  each  session,  and  that  you 
should  give  full  attendance  to  that  portion  of  the  work  of  the 
Institute  which  you  alone  can  get  at  its  full  value. 

VicK-PrKStdent  McKay  (In  the  Chair)  :  It  is  an  estab- 
lished custom  to  refer  the  President's  address  to  a  committee, 
and  I  will  designate  as  such  a  committee:  Messrs.  Alten  S. 
Miller,  E.  G.  Cowdery  and  J.  Arnold  Norcross.  This  Com- 
mittee is  scheduled  to  report  to  the  Institute  at  the  session  on 
Friday  forenoon. 

(The  President  then  resumed  the  chair.) 

The  President:  Next  is  the  report  of  Trustees  of  the 
Gas  Educational  Fund.  Mr.  Alfred  E.  Forstall  is  unable  to 
be  present,  which  we  regret  very  much,  as  it  is  unusual.  I 
should  like  to  call  your  attention  to  one  point  in  this  report. 
Curiously  enough,  the  idea  has  gone  abroad  that  the  educa- 
tional class  of  the  Trustees  is  conducted  by  the  American  Gas 
Institute.    That  is  not  correct.     It  is  an  entirely  separate  or- 
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ganization,  and  the  only  connection  that  the  American  Gas 
Institute  has  with  it  is  the  fact  that  the  Institute  subscribes 
every  year  a  certain  sum  of  money,  now  $500  to  the  work,  but 
much  the  greatest  portion  of  the  expense  is  borne  by  funds 
provided  through  the  Trustees. 

SIXTEENTH  ANNUAL  REPORT  OF  THE  TRUSTEES 
GAS  EDUCATIONAL  FUND  TO  THE  SUB- 
SCRIBERS TO  THE  FUND. 
To  the  Subscribers  to  the  Trustees  Gas  Educational  Fund : 

Gentlemen: — The  Trustees  appointed  at  the  Twenty- 
sixth  Annual  Meeting  of  the  American  Gas  Light  Association, 
held  October  17th,  1898,  to  administer  the  Educational  Fund 
formed  by  your  subscriptions,  submit  the  following  report  as 
to  the  work  done  from  October  ist,  1913,  to  September  30th, 
1914. 

The  hope  expressed  in  the  last  report,  that  practically  all  the 
subscriptions  which  expired  during  the  year  1912-1913  would 
be  renewed,  has  been  realized  and  the  continuance  of  the 
Practical  Class  for  another  period  of  5  years  has  been  as- 
sured. 

As  is  shown  by  the  report  of  the  Secretary,  the  membership 
in  the  class  has  been  maintained  at  the  usual  number. 

The  demand  for  the  "Catechism  of  Central  Station  Gas  En- 
gineering in  the  United  States"  has  been  well  sustained,  170 
copies  having  been  sold  during  the  year.  Only  179  copies  still 
remain  on  hand  and  at  the  present  rate  of  sales  the  edition 
will  be  exhausted  within  a  year.  As  shown  by  the  report  of 
the  Treasurer  the  proceeds  of  the  sales  up  to  September  30, 
1 91 4,  have  exceeded  the  expenses  of  publication  and  advertis- 
ing by  $2,714.31,  and  of  this  amount  $2,200  has  been  added  to 
the  Surplus  Fund. 

During  the  year,  15  members  of  the  Section  of  1914  finished 
their  course  and  their  connection  with  the  Class  ceased,  while 
the  Section  of  1917  started  work  on  January  i,  1914,  with  a 
membership  of  56. 

The  number  of  members  in  each  section  at  the  beginning  of 
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the  year,  and  the  changes  that  have  taken  place,  and  the  names 
of  the  members  of  the  class  who  have  completed  the  course 
during  the  year,  are  shown  in  detail  on  the  Secretary's  Report 
which  is  appended. 

The  Section  of  1915  now  contains  21  members,  the  Section 
of  1916,  18  and  the  Section  of  1917,  63,  making  the  total  mon- 
bership  in  the  class  102. 

The  card  index  of  the  principal  articles  published  in  the 
American  Gas  Light  Journal,  Gas  Age  and  the  Journal  of  Gas 
Lighting  has  been  kept  up  during  the  year. 

The  Treasurer's  Report  which  is  appended,  shows  the  total 
amount  of  subscriptions  to  date,  the  available  income  and  ex- 
penses for  the  year,  a  summary  of  the  cash  accoimt  and  the 
statement  of  the  amount  of  the  surplus  fund  and  the  securities 
in  which  it  has  been  invested. 

The  Surplus  Fund,  now  amounting  to  $18,977.77,  is  made 
up  of  a  contribution  of  $2,000.00,  of  subscriptions  paid  in  ad- 
vance of  the  time  when  they  are  due,  of  unexpended  balances, 
of  interest  received  on  investments,  and  of  the  profit  on  the 
publication  of  "The  Catechism  of  Central  Station  Gas  Engi- 
neering in  the  United  States." 

Respectfully  submitted, 

Trustees  Gas  Educational  Fund, 
Wawon   Clark,   Chairman, 
Alfred  E.  Forstall,  Secretary. 

Secretary's  Report,  Sept.  30th,  1914. 


Members  enrolled  Oct.  i,  1913 
Entered  Class  Jan.  i,  1914- •• 
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Reinstated  since  Oct.  i,  1913 


Section 
of  IQ14 

Section 
of  1915 

Section 
of  1916 

Section 
of  1917 

ToUl 

16 

23 

52 

56 
46 

91 

56 
46 

I 

5 

4 

2 

12 

17 

28 

56 

104 

205 

4 

Digitized  by  VjOOQIC 


25 

Resigned  since  Oct.  i»  1913*  i  5  6 

Dropped   for  non-receipt   of 

answers  since  Oct.  i,  19 13      2  7  37  36  82 

Finished    course    since    Oct. 

I,  1913  15  15 

17  7  38  41  103 

Total    enrollment    Sept    30, 
1914  21  18  63         102 

Applications  on  file  for  admission  to  class  Jan.  i,  1915 8 

Names  of  Students  who  Completed  the  Three  Years'  Course 

WITH  Section  ot  1914. 

R.  J.  Bernard,  New  York,  N.  Y.  Eugene    D.    Milener,    Jr.,    Balti- 

John  E.  Burke,  Buffalo,  N.  Y.  more,  Md. 

Thomas    J.    Byrne,    New    York,  George     H.     Peck,     Waterbury, 

N.  Y.  Conn. 

John  H.  Dyer,  Providence,  R.  I.  Joseph  Ridcert,  Jr.,  Norfolk,  Va. 

Donald    M.    Hunter,    Providence,  Edward  B.  Ryan,  Fitchburg,  Mass. 

R.  I.  D.  E.  Sweet,  Waterbury,  Conn. 

C.  W.  Jordan,  Philadelphia,  Pa.  Wm.  E.  Vandell,  Fitchburg,  Mass. 

Henry  R.  Knowles,  Philadelphia,  Raymond    C.    Wheeler,    Colling- 

Pa.  dale,  Pa. 

H.  S.  Mason,  Philadelphia,  Pa. 

Report  op  Alexander  C.  Humphreys,  Treasurer,  por  the  Fiscal 
Year  Ending  Sept.  30th,  1914. 

Conditions  of  Subscriptions, 

'  For  year 
1913.1914 
Total    subscriptions    for    third    five-year    period 

holding  over   $  2,639.66      $1,231.33 

Total    new    subscriptions    for    fourth    five-year 

period  received  since  Sept  30,  1913 17,800.00       3,550.00 

$20,439.66      $4781.33 

Received  from  subscribers  since  Sept.  30,  1913..     $4,260.00 
Payments  not  applicable  to  year 1,710.00 

Total  paid  in  by  subscribers  since  Sept.  30,  1913, 

and  available  for  year $2,550.00 

Paid  in  previous  to  current  year  on  account  of 

1913-1914  installments   2,186.33 

Total  paid  in  by  subscribers  available  for  this  year    $4,736.33 
Still  to  be  paid  for  this  year 45.00 

Total  amount  available  for  year $4,781.33 
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Statement  of  Income  and  Expense. 
Total  amount  available  for  year $4,781.33 

Expenses. 

Secretary's   salary    $2,750.00 

Clerical  help    250.00 

Office  rent 300.00 

Printing,  stationery,  postage,  etc 57571 

Cuts  used  to  illustrate  answers 9.62 

Periodicals  and  binding   19.23 

Total  expenses  paid  to  Oct.  i,  1914 $3,904.56 

Add  for  expenses  incurred  but  unpaid . .  97.63 

Total  expenses  for  year 4,002.19 


Balance    » $   779.14 

Depreciation  on   furniture   11. 12 


Total  balance  on  year's  operation ...  $   768.02 

Cash  Account. 

Received  from  subscribers  since  Sept.  30,  1913...     $4,260.00 

Interest  on  securities  owned  as  scheduled  under 

heading  "Surplus  Fund"   885.00 

Interest  on  deposits  in  bank 70.14 

Received  for  copies  of  "Catechism  of  Central  Sta- 
tion Gas  Engineering  in  the  United  States," 
including  carrying  charges   776.51 

Total  receipts  for  year $5,991.65 

Cash  balance  from  last  year 30O9.32 

Total  to  account  for $9,500.97 

Expenses   for  year  paid $3,904.56 

Two  bonds   of   the   Detroit   and    Suburban   Gas 

Company    1777-50 

Bookcase  units   19.00 

Expense  of  publication  of  catechism 7.14 

Total  paid  out   5,708.20 


Balance    $3792.77 

Balance  in  Columbia  Trust  Co.,  as  per  Statement    $   528.85 
Balance  in   Guaranty  Trust   Co.   of   New   York, 

as  per  Statement,  less  checks  unpaid 3,259.48 

Cash  on  hand   4.44 

$3792.77 
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Publication  Account. 

Total  receipts  to  Sept.  30,  1913 $5,186.89 

Received  for  copies  of  "Catechism  of  Central  Sta- 
tion Gas  Engineering  in  the  United  States," 
including  carrying  charges,  since  Sept.  30, 1913         776.51 

Total  receipts  to  date $5,963.40 

Due  for  books  delivered  but  not  paid  for 26.49 

$5,989.89 

Total  expenses  to  Sept.  30,  1913 $3,268.44 

Expenses  since  Sept.  30,  1913 : 

Postage  and  expressage  7.14 

Total  expenses  to  date 3,275.58 

Balance    $2,714.31 

Of  this  amount  $1,300  was  transferred  to  Surplus 
Fund  July  26,  1912,  and  $900  on  Jan.  8,  1914. 

Surplus  Fund  and  Investment. 

Amount  paid  in  by  subscribers  in  advance $3,078.33 

Amount  paid  in  by  subscribers  to  Surplus  Fund. .  2,000.00 
Net  amount  of  unexpended  balances  previously 

reported   '. 4,930.10 

Unexpended  balance  1912-1913 469.55 

Interest  on  bonds  to  date 5,507.22 

Interest  on  deposits  in  bank  to  date 792.57 

Transferred  from  Publication  Account,  i 2,200.00 

$18,977.77 

Already  Invested. 

$2,000    Binghamton    Gas    Works,    ist    Mortgage 

5%   Bonds    $1,930.00 

$1,500  Atchison,  Topeka  &  Santa  Fe  R.  R.  Gen- 
eral Mortgage  4%  Bonds i,5i3-75 

$2,000  Omaha  Gas  Co.  ist  Mortgage  5%  Bonds..       2,000.00 

$1,500  New  Gas  Light  Co.  of  Janesville,  ist  Mort- 
gage 5%  Bonds  (guaranteed  by  the  United 
Gas  Improvement  Co.)    1.500.00 

$5,000  Syracuse   Light  &  Power  Co.,   Collateral 

Trust  Sinking  Fund  5%  Bonds 3,831.25 

$2,000  Welsbach   Company  5%   Collateral  Trust 

Mortgage  Bonds    1,826.94 

$2,000  Detroit  and  Suburban  Gas  Company,   ist 

Mortgage  5%  Bonds   1,777-50 

*$i,ooo  San  Antonio  Traction  Co.  5%  Bonds       \ 

*$i,ooo  San  Antonio  Gas  &  Elec.  Co.  s7o  Bonds   i       ^'995-00 

Furniture    100.03 

16,474.47 

Balance    $2,503.30 

♦These  bonds  were  exchanged  for  the  $2,000  Southern  Light  &  Trac- 
tion Company  5%  Bonds  shown  on  report  of  Sept.  30,  1913. 
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New  York,  Oct.  7th,  1914. 
The  undersigned  has  this  day  examined  the  books  and  accounts  of 
Alexander  C.  Humphreys,  Treasurer,  for  the  year  ending  September 
30,  1914,  and  has  found  the  same  to  be  correct,  and  the  above  balance 
of  $3,792.77  to  be  on  hand  and  in  bank. 

C.  N.  Jeixiffe, 

Auditor, 

Mr.  Walton  Forstall  (Philadelphia) :  I  move  that  the 
Institute  appropriate  $500  towards  the  Trustees  Gas  Educa- 
tional Fund. 

The  motion  was  seconded,  stated  and  carried. 

The  President  :  We  will  hear  the  report  of  the  Nominat- 
ing Committee. 

REPORT  OF  THE  NOMINATING  COMMITTEE. 

•Your  Committee  on  Nominations  begs  leave  to  report  the 
following : 
For  President  : 

Edward  C.  Jones,  of  San  Francisco. 
For  First  Vice-President : 

Walton  Forstall,  of  Philadelphia. 
For  Second  Vice-President : 

Sheldon  J.  Glass,  of  Milwaukee. 
For  Secretary-Treasurer: 

George  G.  Ramsdell,  of  New  York. 
For  Directors: 

James  H.  Jourdan,  of  Brooklyn. 

Charles  H.  Nettleton,  of  New  Haven  and  Derby,  Conn. 

J.  B.  Klumpp,  of  PhUadelphia. 

James  Ferrier,  of  Rome,  Ga. 

James  W.  Dunbar,  of  New  Albany,  Ind. 

Alex.  C.  Humphreys,  Chairman, 
W.  B.  CuNE, 
I.  C.  Copley, 
Paul  Thompson, 
T.  R.  Beal, 

Committee. 
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The  President:    Gentlemen,  you  have  heard  the  report. 

Capt.  Wiluam  E.  McKay  :  I  move  that  the  Secretary  be 
instructed  to  cast  one  ballot  for  the  election  of  the  candidates 
as  named. 

The  motion  was  seconded. 

The  President:  All  those  in  favor  of  the  motion  that 
the  Secretary  be  authorized  to  cast  one  ballot  for  the  nom- 
inees, please  say  aye.  (Ayes.)  Contrary,  no.  (No  response.) 
Mr.  Secretary,  will  you  cast  the  ballot? 

The  Secretary:  I  take  pleasure  in  casting  the  ballot  as 
follows:  (Reciting  the  names  given  by  the  Nominating  Com- 
mittee.) 

The  President  :  You  have  heard  the  ballot.  Perhaps  Mr. 
Jones  might  be  prevailed  upon  to  address  us.  I  will  ask  Mr. 
Alten  S.  Miller  to  escort  Mr.  Jones  to  the  platform. 

(Great  applause  as  Mr.  Miller  escorts  Mr.  Jones  to  the 
platform.) 

Mr.  E.  C.  Jones  (San  Francisco) :  Mr.  President  and 
Gentlemen  of  the  Institute,  I  am  deeply  grateful  to  you  for 
the  honor  you  have  conferred  upon  me  this  morning.  It 
comes  to  me  after  a  devotion,  a  loving  devotion,  to  the  gas 
business,  of  39  years.  I  am  deeply  sensible  of  the  high 
compliment  you  have  paid  to  California.  Besides  loving  the 
gas  business  and  the  members  of  the  American  Gas  Institute 
particularly,  I  deeply  love  California.  Next  September,  at 
our  International  Gas  Congress,  it  will  be  necessary  for  the 
President  of  your  Institute  to  have  the  hearty  co-operation 
of  every  member  of  the  Institute,  and  gentlemen,  I  urge  you 
to  give  me  your  help.  One  man  cannot  do  the  work  alone. 
I  will  devote  my  best  energies,  all  that  I  have  in  me,  toward 
the  success  of  next  year's  meeting,  but  we  must  work  to- 
gether, and  I  hope  that  you  will  all  come  to  California  and 
help  in  making  the  meeting  a  glorious  success.  Gentlemen, 
I  thank  you.     (Great  applause.) 

The  President:  I  have  never  known  Mr.  Jones  to  take 
as  short  a  time  to  tell  you  of  the  advantages  of  California  as 
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a  place  in  which  to  Hve.  (Laughter.)  I  am  rather  unpre- 
pared for  it.  Mr.  Combs,  will  you  conduct  Mr.  Walton 
Forstall  to  the  platform?  (Great  applause  as  Mr.  Combs 
(of  Nashville)  conducts  Mr.  Forstall  to  the  platform.) 

Mr.  Walton  Forstall:  Mr.  President  and  Gentlemen,  I 
think  every  Chairman  of  a  Technical  Committee  has  always 
felt  that  it  was  a  shame  that  the  honor  of  first  vice-president 
could  not  go  to  the  whole  committee  instead  of  simply  to  the 
chairman,  because  every  year  the  committee  works  more  and 
more  as  a  whole,  and  in  behalf  of  the  Technical  Committee, 
I  thank  you  for  the  honor.  Personally,  I  should  just  like  to 
say,  following  what  Mr.  Jones  said  about  his  interest  in  the 
gas  business  for  39  years,  that  while  I  have  not  been  inter- 
ested in  my  own  person  for  39  years,  I  remember  about 
31  years  ago  being  told  that  my  father  was  to  deliver  a 
presidential  address  in  New  York  City  to  the  American 
Gas  Light  Association,  and  ever  since  that  time  I  have 
been  more  or  less  interested  in  gas  association  work.  I  am 
sure  that  I  shall  be  very  glad  to  do  all  I  can  to  help,  either 
in  the  ranks,  or  as  an  officer.  I  am  an  enthusiastic  booster  for 
the  gas  engineer  and  gas  associations.  I  thank  you  very  much. 
(Applause.) 

The  President:  Mr.  Glass  has  sent  a  letter  regretting 
his  inability  to  be  present  at  this  meeting.  Is  Mr.  Jourdan 
present?  (No  response.)  Mr.  Nettleton  I  know  is  not.  Is 
Mr.  Klumpp  here?     Will  you  come  forward,  Mr.  Klumpp? 

(Great  applause  as  Mr.  Klumpp  is  escorted  to  the  platform 
by  Mr.  Percy  S.  Young.)  You  have  a  famous  escort,  I  see, 
Mr.  Klumpp. 

Mr.  John  B.  Klumpp  (Philadelphia)  :  Gentlemen,  I  ap- 
preciate the  honor,  and  we  will  try  this  year  to  make  the 
Directors  a  working  body.  (Laughter.)  I  can  say  no  more 
than  that  I  thank  you  for  the  honor  conferred  upon  me.  (Ap- 
plause.) 

The  President:  Is  Mr.  Ferrier  here?  (No  response.) 
Mr.  Dunbar?     (No  response.) 
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The  Secretary  :  I  received  a  letter  from  Mr.  Dunbar  this 
morning;  he  expected  to  be  here,  but  could  not. 

The  President  :  Gentlemen,  I  see  that  Mr.  Percy  S.  Young, 
President  of  the  Commercial  Gas  Association,  is  here.  I 
should  like  to  have  him  come  forward  for  a  moment  and  say 
a  few  words.  (Applause,  as  Mr.  Klumpp  escorts  Mr.  Young 
to  the  platform.) 

Mr.  Percy  S.  Young:  Mr.  President  and  Members,  it  is 
rather  difficult  for  me  to  appropriately  acknowledge  the  warm 
reception  you  have  given  me,  but  I  take  it  as  a  token  of  your 
regard  for  your  sister  society.  Our  Association  has  co-op- 
erated with  yours  during  the  past  year,  and  it  has  given  me  a 
great  deal  of  pleasure  to  see  that  that  has  occurred.  We  have 
contributed  with  you  towards  the  initial  expense  of  the  Gas 
Congress  next  year.  We  have  joined  also  in  contributing  to 
prizes  for  designs  for  gas  fires.  Various  committees  of  our 
Association  have  worked  jointly  with  the  committees  of  yours 
to  develop  work  of  interest  to  both  associations.  In  this  connec- 
tion, I  think  it  is  quite  timely  to  say  that  I  believe  the  future 
of  gas  associations  to  be  wrapped  up  almost  entirely  in  the 
work  of  committees.  It  is  not  enough  to  have  annual  meet- 
ings, and  then  for  the  members  to  go  home  and  neglect  the 
work  of  their  associations.  Committee  work  is  most  im- 
portant. It  is  very  difficult  to  get  volunteers  on  such  work. 
It  is  impossible  to  draft  men,  but  some  means  must  be  found 
to  induce  members  to  work  on  committees  during  the  year. 
It  gives  me  very  great  pleasure  to  congratulate  you  on  the 
program,  the  excellent  program,  that  is  to  be  presented  at  this 
meeting,  and  I  wish  you  every  success.     (Applause.) 

The  President:  Is  President  McAllister,  of  the  Illumin- 
ating Engineering  Society,  in  the  room?  (No  response.) 
We  should  have  been  very  glad  to  have  heard  from  him. 

The  next  business  is  the  report  of  the  Public  Relations 
Committee.     Mr.  Cortelyou,  will  you  present  that  report? 

Mr.  Geo.  B.  Cortelyou  (New  York)  :     The  Committee  is 
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ready  to  report,  and  with  your  permission  I  will  ask  the 
Secretary,  Mr.  Klumpp,  to  read  it. 
Mr.  John  B.  Klumpp  then  read  the  report  as  follows : 

•REPORT  OF  THE  COMMITTEE  ON  PUBLIC 
RELATIONS. 

Your  Committee  on  Public  Relations  for  the  current  year 
beg  leave  to  make  the  following  report : 

At  the  annual  meeting  of  the  American  Gas  Institute,  held 
at  Richmond,  191 3,  the  Public  Relations  Committee  when  re- 
porting on  the  work  that  had  been  done  during  that  year, 
called  attention  to  the  importance  of  the  action  being  taken  by 
the  Public  Service  Commissions  of  many  states,  in  prescribing 
rules  and  regulations  for  gas  service.  The  Conunittee  had,  up 
to  that  time,  been  of  service  in  rendering  assistance  to  gas 
companies  and  a  few  State  Commissions  in  gathering  and 
compiling  data  to  be  used  in  the  preparation  of  such  rules. 

During  the  past  year  there  has  been  much  activity  in  this 
line  and  many  State  Commissions  have  called  hearings  for  the 
purpose  of  discussing  the  addition  of  new  rules  and  r^^a- 
tions  for  gas  service.  The  gas  companies  in  these  states,  for 
the  most  part,  have  been  notified  of  such  action  and  have  been 
called  into  general  conference  with  the  Commission  and  its 
engineers,  to  express  their  views  regarding  the  proposed  rules 

Your  Committee  has  been  appealed  to,  and  has  offered 
what  assistance  was  in  their  power  to  both  gas  companies  and 
Commissions,  have  sent  one  or  nK>re  representatives  to  the 
several  hearings  referred  to,  and  have  worked  in  conjunction 
with  the  Public  Relations  Committees  of  several  State  Gas 
Associations. 

It  may  be  well  to  call  attention  to  the  following  facts  relat- 
ing to  your  Committee's  work  in  connection  with  Commission 
regulations. 

On  December  13,  1913,  a  representative  of  your  Committee 
appeared,  by  invitatioh,  before  the  Guild  of  Gas  Managers  of 
New  England,  and  made  a  few  remarks  in  reply  to  a  talk 
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given  by  Mr.  R.  S.  McBride  of  the  Bureau  of  Standards,  who 
presented  to  the  Guild  an  outline  of  the  past  and  proposed 
work  of  the  Bureau,  and  defined  the  position  of  the  Bureau  in 
its  work  in  connection  with  the  gas  industry  of  the  United 
States. 

On  December  15,  1913,  your  Committee  was  represented  at 
a  meeting  of  the  gas  men  of  New  Hampshire,  at  Manchester, 
and  the  following  day  at  a  hearing  before  the  Public  Service 
Commission  of  New  Hampshire,  at  Concord,  at  which  the 
proposed  regulations  for  gas  supply  were  discussed. 

During  the  early  part  of  1914,  your  Committee  prepared 
data  and  argimients  that  were  used  at  a  hearing  before  the 
Public  Service  Commission  of  the  Commonwealth  of  Penn- 
sylvania, when  the  rules  and  regulations  for  gas  service  in  that 
State,  were  discussed. 

In  March,  1914,  a  paper  discussing  the  effect  of  the 
stringent  regulations  of  gas  quality  on  the  future  economic 
production  of  gas,  with  special  reference  to  the  State  of 
Indiana,  was  prepared  at  the  request  of  the  Indiana  Gas  As- 
sociation, and  presented  at  its  annual  meeting  in  Terre  Haute. 
Your  Committee  also  corresponded  and  conferred  with  many 
gas  men  of  Indiana,  in  connection  with  the  investigation  of  the 
quality  of  gas  supplied  by  the  companies  of  that  state,  and 
assisted  in  preparing  a  brief,  protesting  against  some  unreason- 
able rules  adopted  by  the  Commission. 

During  April,  1914,  the  Secretary  of  your  Committee  cor- 
responded with  the  Gas  Inspector  of  the  Electrical  Standard 
Laboratory  of  Ottawa,  on  the  subject  of  gas  testing  methods 
in  Canada. 

On  May  8,  1914,  a  representative  of  your  committee  at- 
tended a  meeting  of  a  Committee  of  the  Ohio  Gas  Association 
in  Cleveland,  at  which  the  tentative  rules  for  gas  supply  issued 
by  the  Public  Utilities  Commission  of  Ohio,  were  discussed. 
Certain  features  included  in  these  rules  were  considered  as 
being  detrimental  to  good  service,  and  much  data  was  collected 
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for  use  in  presenting,  to  the  Commission,  argimients  for  their 
modification. 

During  May,  June  and  July,  1914,  considerable  correspond- 
ence passed  between  the  Secretaries  of  the  Public  Relations 
Committees  of  the  State  Gas  Associations  of  Missouri  and 
Illinois,  and  the  Secretary  of  your  Committee,  in  reference  to 
rules  and  regulations  proposed  by  the  Public  Service  Commis- 
sions of  those  states.  Comprehensive  material  was  collected 
on  which  to  base  arguments  to  be  presented  to  the  Commis- 
sions in  refuting  certain  objectionable  features  of  the  pro- 
posed rules. 

On  June  12,  191 4,  a  representative  of  your  Committee  ap- 
peared, by  invitation,  at  a  hearing  held  by  the  Public  Utilities 
Commission  of  the  District  of  Columbia,  at  Washington,  D.  C, 
at  which  time  a  general  discussion  of  the  proposed  rules  and 
regulations  governing  the  supply  of  gas  in  that  city,  took  place. 

At  the  request  of  the  engineer  of  the  Public  Utilities  Com- 
mission of  Connecticut,  your  Committee  submitted  informa- 
tion and  suggestions,  and  sent  a  representative  to  visit  the  lab- 
oratories of  the  Commission,  and  to  render  assistance  in  con- 
nection with  the  formulation  of  proposed  rules  and  regulations 
for  gas  supply  in  that  State. 

The  Secretary  of  your  Committee  was  present  with  the 
representatives  of  the  gas  companies  of  the  State  of  Mary- 
land, at  a  hearing  held  by  the  Public  Service  Commission  of 
Maryland,  at  Baltimore,  September  22,  23  and  24,  1914, 
at  which  time  certain  features  concerning  the  proposed  regula- 
tions of  the  Commission,  were  discussed  and  arguments  pre- 
sented that  would  lead  to  the  adoption  of  rules  which  would 
give  to  the  citizens  of  that  State  reasonable  and  satisfactory 
service. 

The  Committee  on  Uniform  Accounting,  after  2  years  of 
careful  work,  has  finished  a  system  of  uniform  accounting, 
which  has  been  approved  by  the  Board  of  Directors  of  the 
Institute,  and  is  now  in  the  hands  of  the  Secretary  of  the 
Institute  for  distribution.    Your  Committee  desires  to  call  the 
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attention  of  the  Institute  to  the  thoroughness  with  which  the 
work  has  been  prepared.  We  believe  that  the  system  of  ac- 
counting as  submitted  will  be  of  great  value  to  all  gas  com- 
panies and  State  regulatory  bodies. 

A  Sub-committee  of  the  Public  Relations  Committee,  con- 
sisting of  Messrs.  W.  R.  Addicks,  W.  E.  McKay,  and  J.  B. 
Klimipp,  was  appointed  to  confer  with  the  Bureau  of  Stand- 
ards in  the  preparation  of  its  Circular  No.  48,  entitled  ''Stand- 
ard Methods  of  Gas  Testing."  Many  members  of  the  Institute 
assisted  in  this  connection  by  presenting  their  views  concern- 
ing this  Circular,  so  that  the  Committee  was  enabled  to  for- 
mulate suggestions  and  criticisms  which  were  presented  to  the 
Bureau.  These  suggestions  received  some  consideration  by 
the  Bureau  in  the  preparation  of  this  Circular,  which  lying  as 
it  does  within  the  definite  scope  of  the  bureau,  embodies  com- 
prehensive information  as  to  rules  and  methods  for  the  test- 
ing of  gas  and  gas  service. 

The  same  Sub-committee  also  received,  for  comment  and 
criticism,  a  copy  of  the  page-proof  of  the  third  edition  of  Cir- 
cular Xo.  32,  entitled  "Standard  R^^lations  for  Manu- 
factured Gas  and  Gas  Service,"  and  has  protested  against 
the  inclusion  in  this  third  edition  of  statements  that  appear  to 
be  unwarranted,  accompanying  the  protest  with  certain  sug- 
gestions which  were  deemed  worthy  of  serious  consideration. 

On  April  24,  191 4,  a  letter  was  sent  to  the  Gas  World,  Lon- 
don, England,  in  reply  to  a  letter  of  criticism  written  by  Mr. 
Jacques  Abady,  concerning  Circular  No.  32,  of  the  Bureau  of 
Standards. 

Your  Committee  has  been  appealed  to  by  various  members 
of  the  Institute,  for  information  upon  subjects  within  its  jur- 
isdiction, and  has  rendered  all  the  assistance  it  could,  and 
we  trust  these  members  have  been  thereby  benefited. 

G.  B.  C0RTE1.YOU,  Chairman, 
S.  T.  BoDiNE,  J.  L.  Richards, 

H.  L.  DoHERTY,  M.  W.  Stroud, 

E.  McMii^tiN,  J.  B.  Klumpp,  Secretary. 
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(Mr.  Henry  L.  Doherty,  a  member  of  the  Committee,  was 
unable  to  sign,  through  absence  abroad.) 

The  President:  Gentlemen,  what  is  your  pleasure  re- 
garding the  report  ? 

Mr.  WAI.TON  FoRSTALt :     I  move  that  it  be  adopted. 

The  motion  was  seconded. 

The  President:  Before  putting  that  question  to  a  vote, 
there  may  be  some  gentleman  who  would  care  to  discuss  this 
report.  It  appears  to  me  that  the  work  that  has  been  done 
is  the  work  that  has  been  carried  on  by  some  of  the  busiest 
men,  men  controlling  large  affairs,  that  we  have  in  our  entire 
organization,  and  if  any  gentleman  present  cares  to  make  any 
comment,  the  Chair  would  be  glad  to  hear  it. 

Dr.  Humphreys:  I  should  like  to  move  that  the  sincere 
acknowledgement  of  the  obligation  of  this  body  be  tendered 
to  the  Committee  for  the  admirable  work  that  it  has  done,  and 
I  think  it  should  be  no  perfunctory  vote  of  thanks.  It  is 
I  believe  some  of  the  best  work  that  has  ever  been  done  in 
this  Institute.     (Applause.) 

The  President:    Do  you  accept  that,  Mr.  Forstall? 

Mr.  Walton  Forstall:    Yes. 

Capt.  William  E.  McKay  (Boston)  :  I  second  Dr.  Hum- 
phrey's motion,  and  in  doing  so,  refer  again  to  the  participation 
of  this  Committee  in  the  work  in  New  England.  The  report 
of  the  Committee  briefly  referred  to  the  presence  of  their 
Secretary  at  a  meeting  of  the  Guild  of  Gas  Managers,  where, 
by  invitation,  Dr.  McBride  of  the  Bureau  of  Standards,  was 
present  to  deliver  an  address,  outlining  the  work  already  ac- 
complished by  the  Bureau  and  their  purpose  with  respect  to 
the  immediate  future,  and  indicating  in  quite  a  definite  way 
the  extraordinary  enlargement  of  their  activities.  This  ad- 
dress of  Dr.  McBride,  together  with  Mr.  Klumpp's  remarks, 
was  incorporated  in  the  Institute  News  for  February,  1914. 
In  the  course  of  Dr.  McB ride's  address  he  stated  that  they 
had  received  effective  help  through  the  co-operation  and  cordial 
assistance  of  the  gas  fraternity,  and  added  that  at  all  times 
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"we  welcome  your  very  frank  criticism,  and  if  we  make  mis- 
takes, we  want  to  be  prompt  to  realize  it."  Mr.  Klumpp  be- 
gan his  comment  by  stating  that  he  was  there  to  hear  Mr. 
McBride  and  not  to  criticise,  but  he  embodied  in  his  remarks 
that  "the  adoption  of  uniform  methods  of  regulation  through- 
out the  United  States  seems  impossible  to  one  thoroughly  ac- 
quainted with  the  gas  business,"  and  added  some  comments 
about  the  inevitable  exploitation  of  the  subject  of  rates,  if 
the  Bureau  of  Standards  continued  in  the  path  that  they  had 
outlined.  This  meeting  afforded  us  an  opportunity  of  hearing 
from  the  Bureau  of  Standards  in  a  very  frank  way  just  ex- 
actly what  they  had  in  their  minds,  and  the  publication  of  these 
facts  in  the  Institute  News  enabled  the  matter  to  be  brought 
to  the  attention  of  every  member  of  the  Institute.  There 
are  many  sections  of  the  country  that  will  be  glad  to  recog- 
nize at  this  time  the  serviceable  assistance  of  the  Public  Re- 
lations Committee;  and  their  service  this  year  is  more  valu- 
able than  the  Committee  has  ever  before  demonstrated  to 
the  Institute,  and  certainly  forecasts  a  great  increase  in  the 
value  of  the  service  of  that  Committee  in  each  succeeding 
year.  It  may  be  opportune  to  refer  again  to  the  fact  that  the 
changes  that  are  recommended  by  the  Directors  and  incor- 
porated in  the  proposed  Constitution  will  ultimately  enable  the 
Public  Relations  Committee  to  conduct  its  work  with  even 
greater  success. 

Mr.  Chari^ks  M.  Cohn  (Baltimore)  :  Mr.  President, 
I  want  to  make  grateful  acknowledgment  of  the  valuable  co- 
operation and  assistance  that  were  given  by  the  Public  Rela- 
tions Committee  in  Maryland  to  the  gas  companies,  and  to 
the  Public  Service  Commission  in  the  consideration  of  rules 
that  are  about  to  be  adopted  fixing  standards  of  gas  service.  I 
understand  that  the  Secretary  of  the  Public  Relations  Com- 
mittee was  invited  by  the  Chief  Engineer  of  the  Commission 
to  give  assistance  to  the  engineering  staff  and  the  Commission 
in  the  consideration  of  those  questions ;  and  I  am  sure  that  Mr. 
Klumpp's  assistance  was  of  real  benefit  to  all  parties  con- 
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cemed.  His  wide  knowledge  of  the  questions  involved  and 
his  familiarity  with  what  has  been  done  and  what  is  being  done 
in  other  places  opened  up  a  vast  fund  of  information.  I  might 
say,  too,  that  Mr.  Klumpp*s  participation  at  a  public  confer- 
ence held  in  Baltimore  was  along  impartial  lines,  and  it  was 
recognized  that  he  was  not  endeavoring  to  represent  gas  com- 
panies as  such,  but  spoke  as  a  representative  of  the  gas  in- 
dustry. It  was  clearly  brought  out  that  the  interests  of  the 
gas  companies  and  the  public  are  largely  identical  after  all. 
Mr.  Klumpp  as  the  spokesman  of  the  Public  Relations  Com- 
mittee gave  very  valuable  assistance  in  Maryland. 

Mr.  Walter  F.  Norton  (Nashua,  N.  H.)  :  I  wish,  on 
behalf  of  the  New  Hampshire  gas  companies,  to  thank  the 
Association  for  the  good  work  it  did  for  us  in  our  State 
through  Mr.  Kltunpp,  Secretary.  Without  his  great  knowl- 
edge, I  do  not  know  where  we  would  have  landed.  I  feel  we 
must  thank  the  Institute  for  the  great  help  it  rendered  by 
sending  him  to  New  Hampshire.     (Applause.) 

Mr.  William  O.  Lamson  (West  Chester,  Pa.)  :  On  behalf 
of  the  Pennsylvania  Gas  Association,  I  want  to  say  that  Mr. 
Klumpp  and  his  Committee  did  invaluable  work  for  us.  The 
Commission  in  our  State  was  new;  it  wanted  information;  it 
wanted  help.     (Applause.) 

Mr.  H.  L.  Rice  (Aurora,  111.)  :  I  am  very  glad  to  note 
that  particular  attention  is  being  directed  to  the  work  of  the 
Committee  in  co-operation  with  the  various  State  Associations. 
It  should  be  so  directed,  because  it  seems  that  no  more  valuable 
work  has  ever  been  done  in  the  history  of  this  Institute.  In 
Illinois  we  were  confronted  this  year  with  the  project  of 
rules  and  regulations  by  a  new  State  Commission.  Our  Public 
Relations  Committee  appealed  to  the  Public  Relations  Com- 
mittee of  the  Institute  for  assistance,  and  on  behalf  of  the 
State  Gas  Association  of  Illinois,  I  wish  to  acknowledge  the 
valuable  assistance  we  received,  and  the  great  benefit  to  us  in 
obtaining  from  the  Commission  reasonable  rules,  which  you 
have  no  doubt  seen  recently  published,  and  which  are  con- 
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siderably  in  line  wjth  other  fair  regulations  throughout  the 
country.  I  feel  that  we  were  greatly  benefitted  by  this  as- 
sistance and  we  fed  very  grateful.     (Applause.) 

Mr.  Jt  Arnold  Norcross  (New  Haven,  Conn.) :  Mr. 
President,  I  am  glad  to  have  an  opportunity  to  express  my 
appreciation  of  the  work  of  this  Committee  during  the  past 
year. 

The  report  we  have  just  heard  is  all  too  modest  and  gives 
little  idea  of  the  magnitude  of  its  work  or  of  the  importance 
of  the  results  accomplished. 

During  the  year  an  unusual  number  of  states  have  been 
framing  rules  and  regulations  for  gas  service,  and  our  Com- 
mittee has  taken  an  active  part  in  this  difficult  work  of  settling 
the  terms  under  which  gas  companies  shall  do  business. 
Through  their  most  efficient  and  able  Secretary,  Mr.  John 
B.  Klumpp,  they  have  placed  their  service  and  an  almost  in- 
exhaustible fund  of  information  and  data  at  the  disposal  of 
both  companies  and  commissions.  Through  these  efforts  the 
regulations  adopted  are,  in  the  main,  practical  and  reasonable. 
While  perhaps  not  entirely  to  our  satisfaction,  it  is  certain  that 
without  the  work  of  the  Committee  the  rules  adopted  would 
have  been  in  many  respects  neither  practical,  nor  reasonable. 

In  Connecticut,  the  Utilities  Commission  is  just  now  work- 
ing up  rules  for  gas  service.  Before  the  gas  companies  were 
aware  of  this  fact,  Mr.  Klumpp  had  already  been  in  touch 
with  the  situation,  and  furnished  to  the  Commission  a  large 
amount  of  information  which  can  but  be  helpful  to  both  sides 
involved.  He  has  since  furnished  much  needed  and  valuable 
advice  and  data  to  the  gas  men  themselves.  Such  work  sub- 
stitutes co-operation  for  controversy  and  can  but  tend  towards 
a  mutually  satisfactory  outcome. 

Speaking  for  the  gas  managers  of  Connecticut,  I  would 
express  deep  gratitude  and  appreciation  to  the  Public  Relations 
Committee  in  general,  and  to  its  Secretary  in  particular,  for 
the  help  it  has  given  us. 

But  there  is  another  point  of  view — this  good  work  has  been 
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carried  on  all  over  the  country.  Whatever  is  accomplished  in 
one  quarter  assists  greatly  in  every  other.  One  of  the  ablest 
men  in  the  Institute  has  given  up  a  large  share  of  his  time  to  it. 
He  has  traveled  to  the  four  points  of  the  ccnnpass  for  the 
Committee  on  Public  Relations.  The  benefits  have. been  wide- 
spread and  marked,  both  to  the  public  and  the  industry.  All 
interested  have  enjoyed  the  fruits  of  his  labor.  In  my  judg- 
ment, it  is  the  most  important  work  the  Institute  can  do  and 
should  by  all  means  be  continued. 

The  President:  Gentlemen,  the  motion  is  before  you. 
Are  you  ready  for  the  questi(5n?  (No  response.)  All  those 
in  favor  will  please  say  aye.  (Ayes.)  Contrary,  no.  (No 
response.)     It  is  so  ordered. 

Next  is  the  report  of  the  Technical  Committee,  Mr.  Walton 
Forstall,  Chairman. 

REPORT  OF  THE  TECHNICAL  COMMITTEE. 
Organization. 

The  Technical  Committee  is  the  agent  through  which  the 
Institute  plans  its  meeting  programs  and  decides  on  lines  of 
work,  and,  under  the  Board  of  Directors,  is  the  spokesman  of 
the  Institute  on  all  matters  not  involving  the  Public  Relations 
Committee.  To  be  thoroughly  qualified  for  its  work,  it  should 
be  composed  of  representatives  from  the  various  phases  of 
the  gas  industry.  Also,  these  men  should  be  drawn  from  dif- 
ferent sections  of  the  country,  in  so  far  as  such  geographical 
selection  is  compatible  with  attendance  at  committee  meetings, 
which  of  necessity  are  held  at  Institute  headquarters. 

The  Technical  Committee  has  before  it  at  all  times  the  same 
problem  that  confronts  similar  committees  in  other  societies, 
and  that  is  to  discover  and  enlist  the  men  who  are  able  and 
willing  to  work  in  the  ever  widening  field  in  which  the  In- 
stitute can  benefit  the  public,  the  industry  and  the  individual 
worker.  Certain  subjects  naturally  suggest  the  names  of  well 
known  men,  who  have  made  a  name  in  the  past  for  the  thor- 
oughness of  their  association  work.  Most  of  these  men, 
however,  have  earned  at  least  a  comparative  rest,  and  yet  if 
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some  did  not  still  shoulder  a  good  part  of  the  burden,  both  the 
quality  and  quantity  of  the  Institute's  achievements  would  be 
materially  less. 

This  year,  in  order  to  interest  directly  a  number  of  men  in 
the  various  section  programs,  program  sub-committees  were 
formed,  the  chairman  being  a  member  of  the  Technical  Com- 
mittee, and  the  other  members,  men  interested  in  that  partic- 
ular branch.  The  experiment  has  not  succeeded  as  well  as  was 
hoped,  but  the  principle  on  which  it  was  based  is  a  correct  one, 
and  if  the  younger  members  of  the  profession  would  only 
realize  their  duty  to  the  industry  and  to  themselves,  not  to 
hide  their  particular  ability  and  willingness,  next  year's  com- 
mittee would  be  at  a  great  advantage  in  choosing  its  co- 
workers. 

Meetings. 

The  wise  practice  of  holding  monthly  meetings,  initiated 
by  last  year's  committee  was  again  followed  this  year,  and 
nine  meetings  were  held,  the  minutes  of  which  have  appeared 
in  the  Institute  News.  Two  years'  experience  has  proved  the 
value  of  these  frequent  meetings,  and  they  should  become  a 
permanent  feature  of  the  committee's  work. 

Work. 

The  result  of  this  year's  work  is  before  you  in  the  program 
for  the  New  York  meeting,  your  approval  of  which  is  now 
asked. 

The  program  was  originally  planned  for  four  sections — 
manufacturing,  chemical,  distribution  and  accounting.  In 
April,  the  Directors  authorized  an  illumination  section.  The 
success  attendant  on  convening  in  five  sections  will  not  be 
known  until  after  the  meeting,  but  if  the  new  sections  are  not 
properly  supported  by  those  who  should  be  interested  in  their 
topics,  it  may  be  considered  settled  that,  at  least  for  the  pres- 
ent, the  Institute  is  not  willing  to  cover  the  whole  field  of  the 
gas  industry,  being  content  to  restrict  its  activities  to  engineer- 
ing lines.  'Whether  success  or  failure  results,  the  experiment 
should  have  been  made  in  1907,  and  not  delayed  until  1914. 
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Recom  mendations. 

As  is  probably  true  of  other  trade  associations,  the  Institute 
has  suffered  from  the  lack  of  continuity  in  organization  in- 
cident to  annual  changes  in  officers  and  committees.  To  place 
this  year's  experience  as  far  as  may  be  at  the  disposal  of  the 
next  Technical  Committee,  the  following  recommendations 
are  made : 

Immediately  upon  its  formation,  the  Technical  Committee 
should  ask  each  affiliated  association  in  what  way  it  would  like 
to  assist  the  Institute,  and  what  present  or  past  work  it  had 
done  which  in  its  opinion  should  be  called  to  the  attention  of 
the  Institute  members. 

Where  subjects  under  investigation  by  the  Institute  are  still 
worthy  of  consideration,  committees  should  be  re-appointed 
with  the  same  members  or  with  such  changes  as  past  experi- 
ences or  new  conditions  would  indicate.  At  least  two  or 
three  times  during  the  year,  these  committees  should  be  asked 
to  make  progress  reports  to  the  Technical  Committee. 

The  subjects  suggested  for  attention  next  year  are: 
Manufacturing : 

(i)  Carbonization. 

(2)  Refractory  Materials. 
Chemical : 

(3)  Chemical  Tests. 

(4)  Physical  Tests. 
Distribution : 

(5)  Pipe  Joints. 

(6)  Pipe  Standards. 

(7)  Meter  Connections. 

(8)  Housepiping. 

(9)  Standardization  of  Lamps  and  Mantles. 

(10)  Utilization  of  Gas  Appliances. 
Accoimting: 

(11)  Rates. 

(12)  Uniform  Accounts. 
General : 

(13)  Accident  Prevention. 
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The  first  three  and  last  four  numbers  are  now  under  inves- 
tigation. "Physical  Tests"  is  necessary  in  order  that  we  may 
at  least  attempt  to  standardize  our  methods  of  making  and 
reporting  performance  tests.  "Pipe  Joints"  is  a  subject  on 
which  little  is  known  and  where  much  that  is  done  is  based 
upon  tradition.  As  street  main  work  requires  millions  of 
dollars  annually,  the  question  merits  all  the  brains  the  Insti- 
tute can  command.  "Pipe  Standards"  needs  a  conmiittee  for 
some  years  longer  at  any  rate,  to  facilitate  the  adoption  of  the 
new  standards.  "Meter  Connections"  deserve  consideration 
and  are  probably  capable  of  a  certain  amount  of  standardiza- 
tion which  would  prove  of  benefit  both  to  the  user  and  the 
maker  of  these  connections.  "Housepiping"  has  received  no 
association  attention  since  1898,  and  the  "Table  for  House- 
piping"  then  adopted  by  the  American  Gas  Light  Association 
is  probably  unknown  to  most  gas  companies.  There  is  no 
more  important  subject  connected  with  the  struggle  to  retain 
our  share  of  the  lighting  field,  than  this  one  of  housepiping, 
for  housepiping  defects  are  potent  contributors  to  unsatis- 
factory lighting.  Closely  related  is  proper  fixture  design,  and 
this  should  be  cared  for  by  the  Committee  on  Housepiping, 
unless  the  Committee  on  Utilization  of  Gas  Appliances  can 
devote  more  time  to  it  than  the  pressure  of  its  fuel  appliance 
work  has  allowed  it  to  do  in  the  past.  "Standardization 
of  Lamps  and  Mantles"  is  referred  to  in  the  Report  of  the 
Committee  on  Utilization  of  Gas  Appliances,  and  there  is 
plenty  of  evidence  that  the  retention  of  the  illumination  field 
is  made  more  difficult  by  the  many  inferior  lighting  appliances 
now  available  to  the  user  of  gas. 

Walton  Forstall,  Chairman, 

W.  S.  Blauvelt, 

C.  N.  Jeluffe, 

C.  E.  Reinicker, 

R.  E.  Slade, 

H.  L.  Underhill. 
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The  President:  Gentlemen,  what  is  your  pleasure  re- 
garding the  report  of  the  Technical  CcMnmittee? 

Capt.  William  E.  McKay  :  I  move  that  the  report  of  the 
Technical  Conmiittee  be  accepted  and  that  the  Secretary  be 
instructed  to  direct  the  attention  of  the  incoming  Technical 
Committee  to  these  recommendations.  Also  that  the  vote 
carry  with  it  the  appreciative  thanks  of  the  Institute  for  the 
excellent  work  of  this  Committee. 

The  motion  prevailed. 

REPORT  OF  THE  COMMITTEE  ON  BEAL  MEDAL. 

The  President:  Gentlemen,  the  next  business  is  the  re- 
port of  the  Committee  on  the  award  of  the  Beal  Medal,  Mr. 
W.  Cullen  Morris,  Chairman. 

Mr.  W.  Cullen  Morris  (New  York)  :  I  regret  Mr.  Pres- 
ident I  am  unable  to  report  that  the  Beal  Medal  Committee 
has  made  an  award.  I  will  endeavor  to  make  a  report  before 
this  session  to-day,  or  on  Friday. 

The  President  then  called  on  the  Chairman  of  the  Com- 
mittee on  Arrangements  to  report. 

REPORT  OF  THE  COMMITTEE  ON  ARRANGE- 
MENTS. 

Mr.  C.  D.  Robison  (New  York)  :  The  Chairman  of  the 
various  sub-committees  of  the  Committee  on  Arrangements 
has  asked  me  to  make  a  few  announcements.  The  attention 
of  the  members  is  called  to  the  announcement  boards.  There 
will  be  one  of  these  in  each  of  the  meeting  rooms,  showing 
coincidentally  what  is  being  carried  on  in  the  various  meetings. 
On  the  program  the  papers  are  designated  by  numbers,  and 
as  a  paper  is  about  to  be  discussed  in  any  of  the  rooms,  the 
number  of  that  paper,  with  abbreviated  title,  and  the  name  of 
the  author  will  appear  on  the  announcement  board  in  each  of 
the  other  rooms,  which  will  permit  members  interested  in  a 
paper  about  to  be  discussed  in  another  section  to  leave  the 
section  in  which  they  are  at  that  time  and  go  to  the  room  in 
which  the  paper  they  desire  to  hear  is  being  discussed. 
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The  President  :  The  program  that  has  been  made  out  by 
the  very  efficient  Committee  on  Arrangements  I  think  is  one 
that  will  meet  with  your  approval  throughout,  and  I  person- 
ally feel  very  much  indebted  to  these  gentlemen  for  the  un- 
remitting efforts  that  they  have  made  to  make  this  Convention 
a  success  in  every  particular. 

Mr.  W.  R.  Addicks  (New  York):  Mr.  President  and 
Members,  I  desire  Mr.  Cortelyou,  President  of  the  Consoli- 
dated Gas  Company,  to  extend  to  the  members  of  the  Insti- 
tute, an  invitation,  in  addition  to  that  referred  to  in  connec- 
tion with  the  trip  mentioned  by  Mr.  Robison,  to  visit  the 
general  office  building  at  Fifteenth  Street  and  Irving  Place. 
The  Fourteenth  Street  subway  express  stop  is  the  nearest 
point  by  subway,  and  either  the  Broadway  car  or  the  Forty- 
second  Street  car,  with  transfer  on  Third  Avenue,  are  con- 
venient for  reaching  the  general  office  building.  The  res- 
taurant on  the  nineteenth  floor,  the  very  complete  gas  kitchen, 
as  well  as  the  complete  electric  kitchen,  will  interest  all  of 
you.  The  display  of  appliances  both  on  the  main  floor  and 
in  the  basement  will  interest  you,  and  our  many  facilities 
with  respect  to  lighting  gas  will  also  engage  your  atten- 
tion, the  entire  building  being  piped  for  gas  from  top  to 
bottom,  but  also  being  provided  with  electric  facilities.  We 
trust  the  members  will  avail  themselves  of  this  at  their  con- 
venience. I  would  like  to  say  that  the  building  will  be  illum- 
inated to-night.     (Applause.) 
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REPORT  OF  THE  COMMITTEE  ON  REVISION    OF 
CONSTITUTION. 

All  matter  shown  between  parentheses  to  be  dropped; 
all  matter  in  italic  to  be  inserted. 

This  CoutitaUaii  to  (O  into  effect  Septenber  1, 1915. 

CONSTITUTION  AND  BY-LAWS 

OF  THE 

AMERICAN  GAS  INSTITUTE 

CONSTITUTION 


NAME. 
Section  i.     The  name   of   this   Association   shall   be  the 
American  Gas  Institute. 

OBJECTS. 
Section  2.  The  objects  of  this  Institute  is  to  amalga- 
mate into  one  body  the  American  Gas  Light  Association,  the 
Ohio  Gas  Light  Association,  and  the  Western  Gas  Associa- 
tion and  to  facilitate  co-operation  between  the  various  state 
and  district  associations  that  now  exist,  or  may  hereafter  be 
formed  within  the  territory  covered,  and  to  secure  thereby 
the  more  rapid  promotion  and  advancement  of  scientific  and 
practical  knowledge  in  all  matters  relating  to  the  construction 
and  management  of  gas  works  and  the  manufacture,  distri- 
bution and  consumption  of  gas;  the  firmer  establishment  and 
maintenance  of  a  spirit  of  fraternity  between  those  interested 
in  the  gas  business  by  affording  opportunity  for  social  inter- 
course and  friendly  interchange  of  information  and  ideas; 
the  inducement  and  extension  of  more  cordial  and  friendly 
relations  between  gas  companies  and  consumers  of  gas  based 
upon  their  mutual  interests,  and  the  education  of  employees 
of  gas   companies   to   enable  them  to  better   perform   their 
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duties.  Also  to  take  over  such  property  and  assets  of  the 
associations  named  as  may  be  legally  invested  in  the  Insti- 
tute. 

MEMBERS. 

Section  3.  The  membership  of  the  Institute  shall  consist 
of  Honorary  Members,  Active  Members,  Junior  Members 
and  Associate  Members.  Honorary  Members,  Junior  Mem- 
bers and  Associate  Members  shall  not  be  entitled  to  vote  ex- 
cept in  Section  meetings  as  provided  in  Section  39  hereof,  nor 
to  hold  office,  but  shall  be  entitled  to  all  the  other  privileges 
of  membership. 

Section  4.  Honorary  Members  shall  be  persons  whose 
scientific  or  practical  knowledge  in  matters  relating  to  the 
gas  industry,  and  whose  efforts  and  interests  in  that  behalf 
shall  recommend  them  to  the  Institute. 

Section  5.  To  be  eligible  to  Active  Membership,  a  per- 
son must  be  at  least  26  years  of  age,  and  be  an  officer  or  other 
employee  of  a  gas  company;  (or  a  Consulting  Gas  Engineer, 
or  an  emplpyee  of  a  Consulting  Gas  Engineer)  or  a  consult' 
ing  expert  in  some  branch  of  the  gas  industry.  He  must  be 
competent  to  act  efficiently  as  the  Manager  of  a  department 
of  a  Gas  Company's  business  and  must  have  his  chief  interest 
in  the  gas  business  directly  connected  with  the  manufacture, 
sale,  or  utilization  of  gas,  and  not  the  manufacture  or  sale  of 
apparatus  or  appliances  used  by  Gas  Companies. 

Section  6.  To  be  eligible  as  a  Junior  Member,  a  person 
must  be  over  20  years  oi  age  and  be  in  the  employ  of  a  Gas 
Company,  or  (of  a  Consulting  Gas  Engineer)  of  a  consulting 
expert  in  some  branch  of  the  gas  industry,  and  must  be  qual- 
ified either  by  experience  or  education  to  hold  a  responsible 
position  under  such  employers. 

Section  7.  To  be  eligible  as  an  Associate  Member,  a  per- 
son must  be  engaged  in  a  pursuit  which  constitutes  a  branch 
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of  the  gas  (engineering)  industry,  or  be  otherwise  qualified 
to  assist  in  promoting  the  objects  of  the  Institute. 

Section  8.  Charter  Members  shall  be  such  of  the  present 
membership  of  the  American,  Ohio,  or  Western  Gas  Associa* 
tion  as  shall  be  certified  by  the  officers  of  the  same  to  the 
Directors  of  the  Institute  as  qualified  respectively  for  Active, 
Junior  or  Associate  Membership,  provided  that  to  become  a 
Charter  Member,  it  shall  be  necessary  for  each  person  so 
certified  to  make  application  to  the  Directors  of  the  Institute 
within  a  period  of  sixty  days  after  notice  has  been  sent  him 
of  the  formation  of  the  Institute. 

ELECTION  OF  NEW  MEMBERS. 

Section  9.  (Honorary  Members  shall  be  proposed  by  the 
Directors  to  the  members  of  the  Institute  by  mailed  notifica- 
tion immediately  after  any  annual  meeting,  and  shall  be  voted 
upon  by  letter  ballot  at  the  time  of  the  regular  September 
ballot  next  following.)  Candidates  for  Honorary  Member- 
ship, if  endorsed  by  not  less  than  ten  members  of  the  Institute, 
in  writing  to  the  Board  of  Directors,  shall  be  voted  upon  by 
the  Board  and  if  receiving  the  unanimous  vote  of  the  Direc- 
tors voting,  shall  be  voted  upon  by  the  voting  membership  of 
the  Institute  not  less  than  one  year  thereafter  by  a  special  mail 
ballot. 

Section  10.  Every  application  for  either  Active,  Junior 
or  Associate  Membership  shall  be  made  to  the  Secretary  in 
writing  upon  a  form  approved  by  the  Directors,  upon  which 
shall  be  set  forth  as  the  grounds  of  the  application  a  com- 
plete account  of  the  qualifications  and  experience  of  the  ap- 
plicant and  his  agreement  to  conform,  if  elected,  to  the  Con- 
stitution, By-Laws  and  Rules  of  the  Institute  (and  shall  be 
endorsed  by  at  least  two  Active  Members  to  whom  the  ap- 
plicant is  personally  known.  The  Secretary  shall  submit  each 
application  to  the  Directors,  who  shall  consider  and  act  upon 
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it  and  assign  the  applicant  to  the  grade  of  membership  to 
which,  in  their  judgment,  his  qualifications  entitle  him.  The 
name  of  each  candidate  thus  approved  by  the  Directors  shall, 
unless  objection  is  made  by  the  applicant,  be  submitted  to 
the  voting  membership  for  election  by  means  of  a  letter  bal- 
lot.) Each  applicant  must  be  endorsed  by  at  least  two  Active 
members  to  whom  he  is  personally  known.  The  Secretary 
shall  submit  each  application  to  the  Membership  Committee, 
who  shall  consider  and  act  upon  it  and  assign  the  applicant  to 
the  grade  of  membership  to  which,  in  their  judgment,  his 
qualifications  entitle  him.  The  name  of  ec^h  candidate  thiu 
approved  by  the  Membership  Committee,  unless  objection  is 
made  by  the  applicant,  shall,  after  approval  by  the  Directors, 
be  submitted  to  the  voting  membership  for  election  by  means 
of  a  letter  ballot. 

Section  ii.  It  shall  be  competent  for  any  Junior  or  As- 
sociate Member  to  apply  for  transfer  to  another  grade  of 
membership.  The  application  for  such  transfer  shall  be 
made  in  the  same  manner  as  in  the  case  of  a  new  applicant. 

Section  12.  Election  to  membership  shall  be  by  a  sealed 
letter  ballot  as  the  By-Laws  shall  provide.  Adverse  votes  to 
the  number  of  2  per  cent,  of  the  votes  cast  shall  (be  re- 
quired to)  defeat  the  election  of  an  applicant  for  any  grade 
of  membership.  The  Directors  may,  in  their  discretion,  order 
a  second  ballot  upon  a  defeated  applicant,  in  which  case  ad- 
verse votes  to  the  ntunber  of  4  per  cent,  of  the  votes  cast 
shall  be  required  to  defeat  the  election. 

Section  13.  Any  person  elected  to  the  Institute,  except 
Honorary  Members,  must  subscribe  to  the  Constitution  and 
pay  to  the  treasur-er  the  initiation  fee  and  one  year's  dues  for 
his  grade  of  membership  before  he  can  be  entitled  to  the 
rights  and  privileges,  or  can  receive  a  certificate  of  member- 
ship.    If  this  requirement  is  not  compiled  with  within  six 


Digitized  by  VjOOQIC 


so 

All  matter  shown  between  parentheses  to  be  dropped; 
all  matter  in  italic  to  be  inserted. 

months  of  the  notification  of  the  election  the  applicant  shall 
be  deemed  to  have  declined  the  election  and  the  election  shall 
be  void. 

INITIATION  FEES  AND  DUES. 
Section   14,    The  initiation  fee  for  membership  in  each 
grade  shall  be  as  follows : 

For  Active   Members ($15.00)     $10,00 

For  Associate  Members (  15.00)       10.00 

For  Junior   Members (     5.00)        5,00 

The  initiation  fees  shall  not  include  the  dues  for  the  cur- 
rent year  in  which  the  applicant  is  elected. 

Section  15.  A  Junior  Member,  on  promotion  to  any  other 
grade  of  membership,  shall  pay  an  additional  fee  of  ($10.00) 
$5.00,  except  that  Charter  Junior  Members  shall  not  be  re- 
quired to  pay  such  additional  fee.  No  person  shall  retain 
Junior  Membership  for  more  than  two  years  after  becoming 
qualified  for  Active  Membership. 

Section  16.  The  annual  dues,  payable  in  advance,  for 
membership  in  each  grade  shall  be  as  follows: 

For  Active   Members ($10.00)     $15,00 

For   Associate   Members (  10.00)       15*00 

For  Junior   Members (     5.00)         7,50 

Section  17.  The  Directors  may  in  their  discretion  permit 
any  Active  or  Associate  Member  to  become  a  Life  Member 
in  the  same  grade  by  the  payment  in  one  siun  of  an  amount 
sufficient  to  purchase  from  a  reputable  life  insurance  com- 
pany an  annuity  on  the  life  of  a  person  of  the  age  of  the  ap- 
plicant equal  to  the  annual  dues  in  his  grade  of  membership. 
Such  life  member  shall  not  be  liable  thereafter  for  annual 
dues.  (Life  Members  of  the  associations  dissolving  shall 
only  be  required  to  pay  the  difference,  if  any,  between  the  sum 
computed  as  above  and  that  already  paid  for  their  present 
Life  Membership.) 


Digitized  by  VjOOQIC 


51 


All  matter  shown  between  parentheses  to  be  dropped; 
all  matter  in  italic  to  be  inserted. 


Section  i8.  The  Directors  shall  have  power  by  letter 
ballot  to  admit  to  Life  Membership,  without  payment  of  a 
Life  Membership  fee,  any  person  who  for  a  long  term  of 
years  has  been  an  Active  or  an  Associate  Member,  when,  for 
special  reasons,  such  an  action  would,  in  their  judgment,  pro- 
mote the  best  interests  of  the  Institute.  Notice  that  such 
action  as  proposed  shall  have  been  given  at  a  previous  meet- 
ing of  the  Directors  and  one  dissenting  vote  shall  defeat  the 
proposed  action. 

SUSPENSIONS  AND  EXPULSIONS. 

Section  19.  Any  member  may  retire  from  membership  by 
giving  written  notice  to  that  effect  to  the  Secretary,  and  paying 
all  dues  to  date,  unless  released  from  said  payment  by  a  vote 
of  the  Directors,  A  member  whose  dues  for  a  year  completely 
expired  are  not  paid,  shall  not  be  entitled  to  vote,  nor  to  par- 
ticipate in  the  deliberations  of  the  Institute,  nor  to  receive  a 
copy  of  the  Proceedings.  Any  member  whose  dues  shall  re- 
main unpaid  for  a  term  of  three  years  may  be  dropped  from 
the  roll  of  membership  by  a  vote  of  the  Directors.  A  member 
dropped  for  non-payment  of  dues  may  upon  paying  the  amount 
he  owes  the  Institute,  be  reinstated  at  the  option  of  the 
Directors. 

Section  20.  The  Directors  may  refuse  to  receive  the  dues 
of  any  member  of  any  grade  who  shall  have  been  adjudged 
by  them  to  have  violated  the  Constitution  or  By-Laws  of  the 
Institute,  or  who,  in  their  opinion,  shall  have  been  guilty  of 
conduct  rendering  him  unfit  to  continue  in  its  membership,  and 
such  person  may  be  expelled  from  the  Institute  (upon  a  recom- 
mendation to  that  effect  made)  after  notice  and  hearing  by  the 
Directors  (at  any  general  meeting  of  the  Institute)  upon  unan- 
imous vote  of  the  Directors  present,  (The  vote  upon  expul- 
sion shall  be  by  ballot  and  shall  require  two-thirds  of  the  votes 
cast  for  its  adoption.) 
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Section  21.  The  Directors  may  transfer  any  member  from 
his  then  present  to  any  lower  grade  of  membership.  They  may 
also  refuse  to  receive  the  dues  of  any  member  who  is  no  longer 
eligible  to  any  grade.  No  transfer  of  grade  shall  be  made,  or 
refusal  to  accept  dues  recorded,  except  upon  notice  from  the 
Secretary,  whose  duty  it  shall  be  to  give  such  notice,  that  said 
member  is  no  longer  eligible  for  membership  in  his  then  pres- 
ent grade,  and  that  said  member  has  for  a  period  of  ninety 
days  after  notification  of  such  non-eligibility,  failed  to  apply 
for  transfer.  The  vote  in  each  case  shall  be  by  ballot,  and  shall 
require  two-thirds  of  the  votes  cast  for  its  adoption. 

MANAGEMENT. 

Section  22.  The  aflfairs  of  the  Institute  shall  be  managed 
by  the  Directors,  subject  to  the  control  of  the  general  meeting. 

Section  23.  The  Board  of  Directors  shall  consist  of  the 
President,  the  Vice-Presidents,  the  Secretary,  the  Treas- 
urer, the  Junior  Past-President,  and  until  changed  as  herein- 
after provided  for,  ten  Active  Members  of  the  Institute.  Five 
members  elected  by  the  Institute  shall  constitute  a  quorum  for 
the  transaction  of  business.  If  arrangements  are  made  for 
co-operation  between  the  Institute  and  district  and  state  gas 
associations,  as  hereinafter  provided  for,  the  number  of  mem- 
bers of  the  Board  elected  from  the  Active  Members  of  the 
Institute  shall  be  increased  from  time  to  time,  as  it  becomes 
necessary,  in  order  to  keep  the  number  of  Directors  elected 
by  the  Institute  equal  to  not  less  than  two-thirds  of  the  total 
number  of  both  Institute  and  Associate  Directors. 

Section  24.  Should  a  vacancy  occur  in  the  Board  of 
Directors  or  in  any  elective  office,  except  the  Presidency  or 
First  Vice-Presidency,  through  death,  resignation  or  other 
cause,  the  Directors  may  elect  an  Active  Member  to  fill  the 
vacancy  until  the  next  annual  election. 
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Section  25.  The  Directors  shall  regulate  their  own  pro- 
ceedings, and  may,  by  resolution,  delegate  specific  powers  to 
an  Executive  Committee,  or  to  any  one  or  more  of  their  mem- 
bers. No  act  of  the  Executive  Committee,  or  of  a  delegate 
shall  be  binding  until  it  has  been  approved  by  a  resolution  of 
the  Directors. 

Section  26.  The  Board  of  Directors  shall  present  at  the 
annual  meeting  of  the  Institute  a  report  verified  by  the  Presi- 
dent, Secretary  and  Treasurer,  or  by  a  majority  of  the  mem- 
bers, which  shall  show  the  state  of  the  finances  of  the  Institute 
at  the  date  of  the  report ;  the  receipts  and  expenditures  for  the 
fiscal  year  immediately  preceding;  the  name$  and  places  of 
residence  of  the  persons  who  have  been  admitted  to  member- 
ship in  the  Institute  during  that  year,  and  give  an  account  of 
the  action  taken  by  the  Directors  upon  matters  coming  before 
it  and  recommendations  as  to  the  action  to  be  taken  by  the 
Institute.  This  report  shall  be  filed  with  the  records  of  the 
Institute  and  an  abstract  of  it  shall  be  entered  in  the  minutes 
of  the  proceedings  of  the  annual  meeting. 

OFFICERS. 

Section  27.  At  each  annual  meeting  there  shall  be  elected 
from  among  the  Active  Members  a  President,  a  Vice-President 
for  each  Section  into  which  the  Institute  is  at  the  time  divided, 
(two  Vice-Presidents)  a  Secretary,  a  Treasurer,  and  until 
otherwise  provided  for,  five  members  of  the  Board  of  Direc- 
tors. All  of  the  officers  shall  be  elected  for  one  year,  but  the 
members  of  the  Board  of  Directors  shall  be  elected  for  two 
years.  (At  the  first  general  meeting  ten  members  of  the 
Board  of  Directors  shall  be  elected,  five  to  hold  office  -for  one 
year  and  five  to  hold  office  for  two  years.) 

Section  28.    All  elections  shall  be  by  ballot. 

Section  29.  The  term  of  all  elected  officers  shall  begin  on 
the  adjournment  of  the  annual  meeting  of  the  Institute  at 
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which  they  were  elected.  Officers  shall  continue  in  their  re- 
spective offices  until  their  successors  have  been  elected  and 
have  accepted  such  election. 

Section  30.  The  President  and  the  retiring  Active  Mem- 
bers of  the  Board  of  Directors  shall  not  be  eligible  for  re-elec- 
tion the  following  year. 

Section  31.  Previous  to  each  annual  meeting  it  shall  be 
the  duty  of  the  Directors  to  appoint  a  nominating  committee 
of  five  members,  none  of  whom  shall  be  a  Director.  It  will  be 
the  duty  of  this  nominating  committee  to  present  at  the  annual 
meeting  a  list  of  the  Active  Members  and  Directors  whom  they 
recommend  as  officers  for  the  ensuing  year.  It  mast  select  the 
Vice-President  for  each  section  from  three  active  members  to 
be  chosen  by  a  majority  vote  of  that  Section  at  the  preceding 
annual  meeting. 

Section  32.  Twenty  or  more  members  entitled  to  vote 
may  constitute  themselves  a  special  nominating  committee  with 
the  same  powers  as  the  nominating  committee  appointed  by 
the  Directors. 

Section  33.  The  Directors  shall  appoint  from  their  own 
number  immediately  after  the  meeting  at  which  they  are  elected 
a  finance  committee  of  three  members. 

Section  34.  The  President  shall  take  the  chair  at  all  meet- 
ings of  the  Institute  wherever  the  members  meet  as  one  body 
and  of  the  Board  of  Directors  (and  of  the  committees  at  which 
he  is  present).  He  shall  be  an  ex-oiHcio  member  of  every  com- 
mittee and  sub-committee.  He  shall  determine  to  which  gen- 
eral committee  any  matter  shall  be  referred. 

Section  35.  In  the  absence  of  the  President  one  of  the 
Vice-Presidents  shall  take  the  chair;  if  more  than  one  Vice- 
President  be  present  in  the  absence  of  the  President,  the  Vice- 
President  to  preside  shall  be  determined  by  lot,  and  in  the 
absence  of   the   President   and   Vice-Presidents   a   Chairman 
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shall  be  appointed  by  the  Directors  from  among  their  own 
members.  Each  Vice-President  shall  be  the  presiding  officer 
of  the  section  for  which  he  was  designated  on  nomination. 
He  shall  be  ex-officio  member  of  each  committee  relating  sole- 
ly  to  the  work  of  his  section. 

Section  36.  The  duties  of  the  Secretary  shall  be  to  take 
minutes  of  all  proceedings  of  the  Institute  and  of  the  Board 
of  Directors  and  to  enter  them  in  proper  books  for  that  pur- 
pose. He  shall  conduct  the  correspondence  of  the  Institute, 
read  minutes  and  notices  of  all  the  meetings,  and  also  such 
papers  and  communications  as  are  considered  in  the  absence 
of  their  authors,  and  perform  whatever  other  duties  may  be 
required  in  the  Constitution  and  By-Laws  appertaining  to  this 
department.  There  shall  also  be  a  Secretary  for  each  Section 
to  be  appointed  by  the  Chairman  of  the  Section,  and  with  the 
same  term  of  office.  His  duties  shall  be  in  general  to  assist  in 
conducting  the  meetings  of  his  Section. 

Section  37.  The  duties  of  the  Treasurer  shall  be  to  re- 
ceive and  keep  all  annual  dues  and  funds  of  the  Institute,  to 
keep  correct  accounts  of  same,  and  pay  all  bills  approved  by 
the  President  and  a  member  of  the  Finance  Committee,  and 
he  shall  make  an  annual  report  to  be  submitted  to  the  Institute. 

Section  38.  The  duties  of  the  Finance  Committee  shall 
be  to  audit  the  books,  accounts  and  statements  of  the  Treas- 
urer; to  invest  the  funds  of  the  Institute,  and  to  care  gener- 
ally for  the  finances  of  the  Institute,  subject  to  the  control  of 
the  Directors. 

Section  39.  The  duties  of  the  Directors  shall  be  to  have 
the  general  management  of  the  affairs  of  the  Institute,  and  to 
prepare  for  its  meetings.  No  paper  or  report  that  has  not  had 
the  approval  of  the  Directors  shall  be  read  at  any  meeting 
of  the  Institute  or  any  Section  thereof. 

The  Directors  shall  have  the  power  to  appoint,  from  time 
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to  time,  a  Committee  on  Arrangements  from  among  the  mem- 
bers to  assist  the  Board  of  Directors  in  arranging  for  the 
meetings  of  the  Institute.  The  Directors  shall  have  power  to 
fill  for  the  unexpired  term,  any  vacancies  occurring  by  death, 
or  resignation,  in  their  own  number,  or  in  the  general  com- 
mittees. The  Directors  shall  have  power  to  provide  for  the 
voluntary  division  of  the  membership  into  two  or  more  sec- 
tions for  the  choice  of  sectional  Vice-Presidents  and  for  the 
hearing  and  discussion  of  papers  and  reports.  The  functions 
and  powers  of  such  sections  shall  be  limited  to  the  nomination 
of  a  Vice-President,  the  providing  and  consideration  of  papers 
and  reports,  the  reference  to  committees  and  to  recommenda- 
tions to  the  Institute  or  the  Board  of  Directors.  Any  mem- 
ber of  the  Institute  may  attend  the  meeting  of  any  section  at 
any  time.  Any  Active  or  Associate  Member  may  vote  on 
section  matters  in  ot^  section  only,  and  to  so  vote  must  regis- 
ter as  a  voting  member  of  such  section.  He  may  change  this 
registration  on  one  year's  notice  to  the  Secretary  of  the  In- 
stitute. 

Upon  the  written  application  to  the  Directors  of  any  thirty 
members  of  the  Institute  caking  for  the  creation  of  a  new 
section  the  Directors  shall  proceed  to  form  the  section  applied 
for. 

Any  resolution,  report  or  recommendation,  that  has  not 
been  considered  and  approved  by  the  Directors,  and  that  in 
the  opinion  of  the  Chair  would  have  the  effect  of  changing 
the  policy  of  the  Institute,  or  committing  it  to  any  new  policy 
or  opinion  to  which  it  had  not  theretofore  been  committed, 
should  be  referred,  before  adoption,  to  the  Board  of  Directors, 
whose  duty  it  shall  be  to  report  to  the  next  regular  meeting 
of  the  Institute  upon  such  committal,  if  any,  and  its  proper 
phrasing. 
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Section  40.  There  shall  be  two  general  committees,  each 
reporting  to  the  Board  of  Directors  and  responsible  to  the 
Board  for  such  part  of  the  work  of  the  Institute  as  is  dele- 
gated to  it  in  accordance  with  the  provisions  of  Sections  34, 
41  and  42.  Each  committee  shall  be  composed  of  at  least  six 
members,  (to  be)  appointed  each  year  by  the  President-^/^c/, 
and  (to)  serve  one  year. 

Section  41.  One  general  committee  shall  be  called  the 
Public  Relations  Committee,  and  to  it  shall  be  referred  all 
investigations,  reports,  recommendations,  resolutions  and 
matters  of  any  kind  affecting  the  relations  between  the  Insti- 
tute, or  its  members,  and  the  public,  or  any  governing  bodies, 
except  as  herein  provided. 

Section  42.  One  general  committee  shall  be  called  the 
Technical  Committee,  and  to  it  shall  be  referred  all  investi- 
gations, reports,  reconmiendations,  resolutions  and  matters  of 
any  kind  having  to  do  with  the  construction,  operation  and 
extension  of  gas  works,  and  the  conduct  of  the  affairs  of  gas 
companies,  not  specifically  delegated  to  the  Public  Relations 
Committee  by  Section  41,  and  except  as  herein  otherwise  pro- 
vided. Each  section  shall  have  a  representative  on  this  Com- 
mittee. 

Section  43.  Each  general  committee  shall  have  the  power 
to  appoint  sub-committees.  (Each)  Any  sub-committee 
(shall  consist  of  one  member  of  the  general  committee,  the 
other  members  being  taken)  may  be  appointed  from  the  gen- 
eral membership  of  the  Institute,  and  shall  exist  at  the  pleas- 
ure of  the  general  committee  by  which  it  was  appointed,  and 
to  which  its  report  shall  be  made. 

MEETINGS  AND  PROCEEDINGS. 
Section  44.    The  annual  meeting  of  the  Institute  shall  be 
held  on  the  third  Wednesday  of  October  of  each  year,  at  such 
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place  as  shall  be  designated  by  the  Institute  at  the  previous 
meeting.  In  case  of  emergency  the  Directors  shall  have  the 
power  to  change  the  time  or  place  of  meeting,  or  both,  as  so 
designated,  by  a  three-fourths  vote  of  all  its  members,  at  the 
call  of  the  President,  and  such  vote  may  be  taken  by  mail. 

Section  45.  The  Secretary  shall  send  notices  to  all  mem- 
bers of  the  Institute  at  least  fourteen  days  before  each  general 
meeting,  mentioning  the  papers  to  be  read  and  any  special 
business  to  be  brought  before  the  meeting.  During  a  recess 
in  any  meeting  of  the  Institute,  taken  in  order  that  section 
ineetings  may  occur,  no  meeting  of  the  Institute  other  than  as 
provided  at  the  time  the  recess  is  ordered  shall  be  held  until 
one  hour  after  a  call  for  such  meeting  has  been  read  in  each 
section  meeting  at  the  time  in  session,  and  has  been  posted  on 
the  official  bulletin  board.  The  President  shall  have  the 
authority  to  issue  such  call,  and  it  shall  be  obligatory  on  him 
to  issue  such  call  on  the  written  request  of  fifty  members. 

Section  46.  Special  meetings  of  the  Institute  may  be  called 
at  the  option  of  the  Directors,  and  the  Secretary  shall  call  a 
special  meeting  on  the  written  request  of  one  hundred  members. 

The  notices  for  special  meetings  shall  be  sent  to  all  members 
at  least  three  weeks  before  the  date  for  which  the  meeting  is 
called  and  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Section  47.    Thirteen  members  shall  constitute  a  quonmi. 

Section  48.  All  questions,  except  as  otherwise  provided 
in  Sections  9,  20,  28,  49  and  57,  shall  be  decided  by  any  con- 
venient system  of  open  voting,  the  presiding  officer  to  have  a 
second  or  casting  vote  when  necessary. 

Section  49.  Questions  of  a  personal  nature  shall  be  de- 
cided by  ballot  and  all  parliamentary  procedure  not  specifically 
covered  by  this  Constitution  shall  be  governed  in  accordance 
with  Roberts'  Rules  of  Order. 


Digitized  by  VjOOQIC 


59 

All  matter  shown  between  parentheses  to  be  dropped; 
all  matter  in  italic  to  be  inserted. 

Section  50.  Any  member,  with  the  concurrence  of  the 
presiding  officer,  may  admit  a  friend  to  each  meeting  of  the 
Institute,  but  such  person  shall  not  take  part  in  any  of  the 
discussions  unless  permission  to  do  so  be  given  by  the  meeting. 

Section  51.  All  papers  read  at  the  meetings  of  the  Insti- 
tute must  relate  to  matters,  either  directly  or  indirectly  con- 
nected with  the  objects  of  the  Institute,  and  must  be  approved 
by  the  Directors  before  being  read. 

Section  52.  All  papers,  drawings  or  models  submitted  to 
the  meetings  of  the  Institute  shall  be  and  remain  the  property 
of  the  authors. 

Section  53.  The  President,  the  Junior  Past-President,  the 
First  Vice-President,  the  Junior  Past-Chairmen  of  the  two 
general  committees,  and  the  Secretary  shall  constitute  a  Pub- 
lication Committee,  and  nothing  shall  be  included  in  the  pub- 
lished reports  of  the  Institute's  Proceedings,  or  in  any  other 
publication  issued  by  its  authority,  that  has  not  been  approved 
by  at  least  two-thirds  of  the  full  membership  of  the  Publica- 
tion Committee. 

Section  54.  The  Directors  shall  meet  the  day  before 
each  general  meeting  of  the  Institute,  and  also  on  such  day 
between  June  ist  and  September  isth,  both  inclusive,  as 
may  be  designated  by  the  President  by  notice  given  at  least 
one  week  in  advance  of  meeting.  Special  meetings  may  be 
called  when  the  President  shall  deem  it  necessary,  and  the 
President  shall  be  required  to  call  a  special  meeting  at  any 
time  on  the  written  request  of  five  members  of  the  Board. 
Of  such  meetings  reasonable  notice  shall  be  given  by  special 
call,  in  print  or  writing,  specifying  the  business  to  be  attended 
to. 

GEOGRAPHIC  AND  DISTRICT  SECTIONS. 

Section  55.  A.  (In  so  far  as  the  district  associations  now 
affiliated  with  the  Institute  carry  out  their  agreements  not  to 
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elect  to  voting  membership  any  person  connected  in  any  way 
with  the  gas  industry  who  is  not  directly  identified  with  gas 
or  electric  interests  within  the  state  or  district  designated  by 
the  name  of  the  association ;  and  to  consult  with  the  Institute 
before  undertaking  any  original  work  of  interest  to  the  gas 
profession,  such  associations  will  continue  in  affiliation  with  the 
Institute,  but  no  further  arrangements  will  be  made  for  affilia- 
tion with  any  other  association.  Each  and  every  district,  or 
state  gas,  or  gas  and  electric  association,  with  which  such  agree- 
ments have  been  entered  into,  shall  be  entitled  to  elect  one  of 
its  members  a  member  of  the  Board  of  Directors  of  the  Insti- 
tute. The  members  so  elected  will  be  in  addition  to  those 
named  in  Section  23,  provided  that  the  niunber  of  such  asso- 
ciated directors  shall  never  exceed  one-third  of  the  total 
membership  of  the  Board.  Should  the  Board  of  Directors 
provide  for  an  executive  committee,  this  committee  shall  in- 
clude in  its  membership  one  man  from  each  of  the  affiliated 
associations  as  long  as  the  number  of  such  associations  does 
not  exceed  six.  Thereafter  there  shall  be  on  the  executive 
committee  at  least  six  men  who  are  members  of  affiliated 
associations  and  have  among  them  membership  in  at  least  six 
such  associations.)  The  Board  of  Directors  may  in  its  dis- 
cretion make  with  any  gas,  electric,  or  gas  and  electric  asso- 
ciation an  ofRliation  agreement  upon  such  terms  as  may  be 
mutually  agreed  upon,  provided  the  membership  or  objects  or 
interest  of  such  association  are  not  in  conflict  with  those  of 
the  Institute.  An  affiliation  agreement  shall  provide  for  the 
termination  of  such  agreement  on  twelve  months  notice  by 
either  party. 

An  affiliation  agreement  may  provide  for  representation  of 
the  affiliated  association  on  the  Board  of  Directors  of  the  In- 
stitute; but  in  such  case  said  association  shall  at  no  time  have 
more  than  20  per  cent,  of  its  voting  membership  persons  not 
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directly  identified  with  gas  or  electric  interests  within  the  state 
or  district  designated  by  the  name  of  the  association;  and  said 
association  shall  agree  to  present  (on  the  request  of  the  Direc- 
tors of  the  Institute)  the  result  of  work  of  interest  in  the  form 
of  a  report  to  the  Board  of  Directors  of  the  Institute;  such 
affiliated  Associate  Directors  shall  be  additional  to  the  Insti- 
tute Directors  provided  for  in  Section  23,  and  shall  at  no  time 
exceed  one-third  of  the  total. 

B.  The  Board  of  Directors  may  in  its  discretion  authorize 
the  formation,  of  geographic  sections.  The  territory  to  be 
included  in  each  section  shall  consist  of  a  state,  or  group  of 
states. 

C.  Subject  to  the  approval  of  the  Board  of  Directors  of 
the  Institute  and  the  governing  body  of  the  geographic  section 
in  which  it  is  located,  city  or  district  sections  may  be  formed. 

D.  The  geographic  and  city  or  district  sections  may  adopt 
such  constitutions  and  By-Laws  and  elect  such  officers  as  they 
see  fit,  provided  that  nothing  shall  be  done  in  violation  of  the 
Constitution  and  By-Laws  of  the  American  Gas  Institute. 

E.  After  giving  due  notice,  any  section  may  send  a  repre- 
sentative to  appear  before  the  Board  of  Directors  of  the  In- 
stitute for  the  purpose  of  conferring  with  the  Board  in  re- 
gard to  any  matters  relating  to  the  affairs  of  the  Institute  in 
the  territory  embraced  by  the  section. 

F.  The  Secretary  of  the  section  shall  report  its  proceedings 
to  the  Secretary  of  the  Institute. 

G.  No  person  shall  be  eligible  for  membership  in  any  sec- 
tion who  is  not  a  member  of  the  American  Gas  Institute. 

H.  Sections  may  be  dissolved  for  failure  to  comply  with 
the  Constitution  and  By-Laws  of  the  Institute.  ' 

PROCEEDINGS. 
Section  56.    Each  member  of  the  Institute  in  good  stand- 
ing shall  be  entitled  to  and  shall  be  furnished  by  the  Secretary 
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with  a  copy  of  the  Proceedings  of  the  Institute  for  the  cur- 
rent year,  in  which  shall  be  listed  the  names  and  addresses  of 
the  members.  In  any  such  list  each  member  should  be  listed 
by  the  title,  or  titles,  only,  from  which  he  derives  his  eligibility 
to  his  class  of  membership. 

AMENDMENTS. 

Section  57.  All  propositions  for  adding  to  or  altering  any 
of  the  provisions  of  the  foregoing  Constitution  shall  be  laid 
before  the  Directors,  who,  if  they  see  fit,  may  bring  it  before 
the  next  general  meeting  of  the  Institute,  and  who  shall  be 
bound  to  do  so  on  the  requisition  in  writing  of  any  ten  mem- 
bers of  the  Institute.  All  such  propositions  shall  be  decided 
by  ballot  and  shall  require  two-thirds  of  the  vote  cast  for  their 
adoption. 

W.  R.  Addicks,  Chairman, 

I.  C.  Copley, 

Walton  Clark, 

a.  e.  forstall, 

W.  E.  McKay, 

S.  J.  Glass, 

A.  S.  Miller, 

W.  H.  GartlEy,  Ex-oMcio. 

Geo.  G.  Ramsdell,  Ex-ofUcio, 

The  President:  Now,  gentlemen,  we  come  to  a  vote  on 
the  subject  of  the  proposed  revision  of  the  Constitution.  Are 
you  ready  to  take  action? 

Mr.  Walton  Forstall  :  I  move  that  the  Secretary  be  in- 
structed to  cast  the  ballot  of  the  Institute  for  adoption  of  the 
report  of  the  Committee  on  Revision  of  the  Constitution. 

The  motion  was  seconded. 

The  President:    You  have  heard  the  motion,  gentlemen. 
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All  those  in  favor,  please  say  aye.  (Ayes)  Contrary,  no. 
(No  response)  Mr.  Secretary,  you  are  authorized  to  cast  the 
ballot. 

The  Secretary:  Mr.  President,  I  cast  the  unanimous 
ballot  of  the  Institute  for  the  Constitution  as  revised  by  the 
Committee  appointed  for  the  purpose.  Those  that  were  not 
here  when  the  Directors'  report  was  read  will  notice  that  the 
By-Laws  have  not  yet  been  revised  and  could  not  be  until  the 
Constitution  was  adopted,  but  it  was  recommended  at  the 
meeting  of  the  Directors  yesterday  that  if  this  is  adopted  at 
this  time,  a  Committee  be  appointed  to  revise  the  By-Laws. 

The  President  :  Following  out  the  provisions  of  the  Con- 
stitution as  just  adopted,  it  will  be  incumbent  on  each  one  of 
the  Sections  to  nominate  three  members,  whose  names  will  be 
presented  to  the  next  Nominating  Committee,  and  from  whom 
will  be  selected  the  vice-presidents  to  represent  that  Section. 
Each  Section  will  have  one  vice-president,  and  the  number  of 
the  vice-presidents  during  the  coming  year  will  be-determined 
by  the  number  of  the  Sections. 

The  President  :  The  Secretary  makes  the  suggestion  that 
we  should  have  enough  copies  of  the  new  Constitution  printed 
to  be  sent  to  all  the  members.  We  recommend  that  to  the 
next  Board  of  Directors. 

The  President  then  called  on  Mr.  Paul  Doty  for  the  follow- 
ing report: 

REPORT  OF  THE  COMMITTEE  ON  CLASSIFICATION 
OF  AWARDS,  PANAMA-PACIFIC  INTER- 
NATIONAL EXPOSITION. 

The  Committee  on  Classification  of  Awards  of  the  Panama- 
Pacific  International  Exposition  was  appointed  by  the  Ameri- 
can Gas  Institute  to  secure  appropriate  recognition  of  the 
magnitude  and  importance  of  the  gas  industry  from  the  Ex- 
position authorities,  in  the  official  classification  of  exhibit  de- 
partments. This  has  been  accomplished.  Your  Committee 
attaches  hereto  a  copy  of  the  Official  Classification  of  Exhibit 
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Departments  of  the  Universal  Exposition  of  191 5  as  finally 
amended,  and  approved  by  the  President  of  the  Panama- 
Pacific  International  Exposition  under  date  of  February,  1914. 
Exhibits  for  the  manufacture,  distribution  and  uses  of  gas 
are  primarily  included  in  Group  70,  Department  E, — Manu- 
facturers and  Varied  Industries.  (See  Report  of  the  Com- 
mittee 191 3,  Proceedings,  p.  58.)  The  classification  recom- 
mended by  your  Committee  and  approved  by  their  Directors, 
has  been  submitted  to  Mr.  Chas.  H.  Green,  Chief  of  the 
Department  of  Manufactures  and  Varied  Industries,  and  to 
Captain  Baker  of  the  Panama-Pacific  International  Exposition 
and  Captain  Baker  has  assured  us  that  our  classification  will  be 
submitted  to  the  International  Jury  of  Awards  to  cover  their 
work. 

The  Official  Classification  attached  hereto  is  not  intended 
for  publication  in  your  Proceedings, — it  is  too  extensive, 
and  covers  a  multitude  of  exhibits  of  all  classes — it  is  sub- 
mitted so  that  your  officers  may  have  a  ready  reference  for 
intending  exhibitors  in  the  gas  industry. 

Following  is  a  list  of  the  more  prominent  possible  exhibits 
allied  with  the  gas  industry,  and  reference  is  made  to  their 
respective  class  exhibits  for  awards. 

official  classi- 
Exhibit  fication  index 

Accidents.  Appliances  for  use  in 144, 145 

Acetylene    357 

Ammonia  Liquor  Concentrators   353 

Benches,  Coal  Gas,  Iron  Work 353 

Benches,  Coal  Gas   353, 782 

Blowers  for  Gas  Appliances 355 

Burner,   Gas    355 

By-Product  Gas  Ovens  353 

Calorimeters    125 

Coal,  Gks   77^ 

Coal  and  Coke  Handling  Machinery 450 

Coal  Gas  Manufacture  353 

Coke    71^ 

Combustion  Recorders  455 

Compressors,  Gas   464 

Condensers,  Gas   353 
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Official  clMsi- 
fication  index 


Domestic  Appliances,  Gas   355 

Engines,  Gas — Turbines,  Gas   456 

Exhausters  and  Blowers  354 

Fire  Brick  and  Blocks 767 

Fixtures,  Gas   355, 358 

Furnaces,  Gas  Heated  355 

Gas  Arc  Lamps 355 

Gas  Globes,  Wire 358 

Gas  Irons  355 

Gas  Logs  355 

Gasoline  Gas  Machines  357 

Gauges,  Gas  Pressure  and  Recording 349 

Glassware  for  Lamps  358 

Governors  and  Regulators  354 

Head  Protectors   144 

Heating  Systems,  Gas  ^ 346 

Heaters  and  Gas  Grates 355 

Holders,  Gas,  and  Tanks 353 

Hydrogen  Gas  Apparatus  151 

Industrial  Gas  Appliances   355 

Industrial  Instruments  125 

Ironing  Machines,  Gas   355 

Iron  Work,  Gas  353 

Lamp  Posts  355 

Lamps,  Gas  Mantle 355 

Lamps,  Street  355 

Machinery  for  Gas  Works 353 

Mains,  Pipes  f pr  Gas 354 

Main  Tools  and  Materials 354 

Mantles,  Gas  355 

Meter  Connections   354 

Meter  Diaphragms   354 

Meter  Provers  354 

Meters,  Gas,  Consumers  354 

Meters,   Station   353 

Mica  Chimneys  .' 357 

Oil  for  Gas  Making 776 

Paint,  Gas  Holder,  Etc ^7^ 

Photometers    130 

Pipe  Fitters'  Tools  and  Materials 354 

Pipe  Fittings  354 

Pipe  Specials   354 

5 
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Official  cUflBt- 
fication  index 

Producer  Gas  Plants  353 

Purifiers,  Gas  353 

Purifying  Oxide  and  Material 353 

Pyrometers    349 

Ranges  and  Gas  Cooking  Appliances 355 

Retort  Charging  and  Drawing  Machine 353 

Retorts,  Coal  Gas  353 

Safety  Appliances  448 

Scrubbers,  Gas  353 

Silica  Brick   ^(i^ 

Structural  and  Plate  Work 786 

Tanks,  Oil  776 

Tar  Extractors  353 

Testing  of  Gas,  Apparatus  for 353 

Thermometers,  Indicating  and  Recording 349 

Tools  for  Gas  Making 353 

Trench  Digging  Machines   354 

Valves  for  Gases  or  Liquids 354 

Water  Gas  Apparatus   353 

Water  Heaters,  Gas  355 

It  will  be  seen  from  the  list  of  possible  exhibits  submitted 
that  your  Committee  has  secured  the  opportunity  of  proper 
awards.  The  Exposition  officials  have  given  us  hearty  co- 
operation. We  are  assured  that  the  Exposition  is  progressing 
very  satisfactorily,  and  the  feeling  in  San  Francisco  is  that 
the  European  War  will  help  rather  than  hurt  the  Exposition. 
The  people  of  the  United  States  have  confidence  in  the  suc- 
cess of  the  Exposition. 

Your  Committee  recommends  to  the  Directors  of  the 
American  Gas  Institute  that  action  be  taken  to  give  wide  pub- 
licity to  the  possibility  of  awards  for  meritorious  exhibits  of 
the  gas  industry  at  the  Panama-Pacific  Exposition  in  191 5, 
and  that  a  committee  be  appointed  by  the  American  Gas  In- 
stitute to  co-operate  with  the  exposition  officials  to  earnestly 
invite  representative  exhibits  worthy  of  the  importance  of  the 
gas  industry. 

Paul  Doty,  Chairman, 

J.    M.    MoREHEAD^   Secretary, 

E.  G.  COWDERY, 

O.  O.  Thwing. 
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At  the  conclusion  of  the  reading  of  his  report,  Mr.  Doty 
moved  the  adoption  of  the  same. 

The  motion  was  seconded. 

Mr.  W.  R.  Addicks:  I  would  move  also  that  the  matter 
of  a  committee  be  referred  to  the  next  Board  to  appoint  such 
committee. 

The  President:    You  accept  that  as  an  amendment? 

Mr.  Doty:    Yes. 

The  motion  prevailed. 

The  President:  The  next  is  a  report  of  the  Representa- 
tives of  the  U.  S.  National  Committee  of  the  International 
Commission  on  Illiunination.  I  have  a  written  report,  which 
I  will  not  take  the  time  now  to  lay  before  the  Convention.  I 
will  simply  say  that  the  old  Photometric  Commission  has  been 
changed  now  into  an  International  Commission  on  Illumin- 
ation, in  which  the  electric  people  are  co-operating  with  the 
gas  people.  Monsieur  Vautier,  formerly  President  of  the 
Photometric  Commission,  is  still  the  President  of  the  Inter- 
national Commission.  There  has  been  appointed  an  Honor- 
ary Secretary,  Mr.  C.  C.  Patterson,  of  the  British  Physical 
Laboratory.  The  various  countries  have  appointed  their  own 
local  committees.  Everything  was  arranged  to  go  ahead  in 
the  various  countries,  Germany,  France  and  England.  You 
can  understand,  gentlemen,  that  owing  to  recent  events,  work 
will  be  delayed. 

REPORT  OF  REPRESENTATIVES,  UNITED  STATES 

NATIONAL  COMMITTEE  OF  INTERNATIONAL 

COMMISSION  ON  ILLUMINATION. 

In  August,  1913,  the  International  Photometric  Commission, 
formed  at  the  Paris  Exposition  in  1900,  passed  out  of  ex- 
istence, or  rather  was  merged  into  the  International  Com- 
mission on  Illumination.  Action  leading  thereto  was  taken 
at  the  meeting  of  the  International  Photometric  Commission 
in  Berlin. 

The  International  Photometric  Commission,  in  which  the 
Institute  was  represented,  was  made  up  exclusively  of  repre- 
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sentatives   from   the   National   Gas   Associations   of   various 
countries. 

The  International  Commission  on  Illumination  expanded 
the  field  so  as  to  have  representatives  from  the  electric  light- 
ing field  as  well  as  the  gas  lighting  field. 

At  the  session  at  which  the  change  was  made  referred  to 
above,  i.  e,,  in  Berlin  in  August,  1913,  there  were  present 
representing  the  American  Gas  Institute,  Messrs.  Edw.  P. 
Hyde  and  Alten  S.  Miller. 

The  organization  of  the  International  Commission  on  Illu- 
mination includes  a  National  Committee  in  each  country  repre- 
sented. The  United  States  National  Committee  is  composed 
of  three  members  accredited  to  that  committee  from  each  of 
the  following  societies  : 

American  Gas  Institute, 
American  Institute  of  Electrical  Engineers, 
American  Physical  Society, 
Illuminating  Engineering  Society, 
and  one  representative  from  the  United   States  Bureau  of 
Standards. 

The  International  Commission  includes  three  bodies: 

1.  An  Executive  Committee,  composed  of  the  President, 

three  Vice-Presidents,  an  Honorary  Secretary, 
a  Treasurer  and  two  representatives  named  from 
each  country. 

2.  A  Bureau,  composed  of  the  President,  the  Honorary 

Secretary,  assisted  by  a  General  Secretary,  ap- 
pointed, and  the  Treasurer. 

3.  All  del^ates  from  the  National  Committees  or  Na- 

tional Technical  Societies,  depending  upon  the 
method  adopted  by  each  country. 
The   members  appointed  to   represent  the   American   Gas 
Institute  on  the  United  States  National  Committee  are : 
W.  H.  Gartley, 
C.  O.  Bond, 
Alten  S.  Miller. 
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The  Chairman  of  the  United  States  National  Committee  is 
Edw.  P.  Hyde,  Ph.  D.,  Cleveland,  Ohio,  who  has  also  been 
elected  a  Vice-President  of  the  International  Commission  on 
Illumination.  The  Secretary  is  Clayton  H.  Sharp,  Ph.D., 
New  York  City. 

The  representatives  upon  the  Executive  of  the  International 
Commission  on  Illumination  appointed  by  the  United  States 
National  Committee  are :  W.  H.  Gartley  and  C.  O.  Mailloux. 

The  work  of  the  International  Commission  on  Illumination 
is  to  secure  an  agreement  between  the  different  nations  repre- 
sented, in  the  nomenclature  of  lighting,  and  eventually  what 
is  considered  good  practice  in  lighting;  to  endeavor  to  agree 
upon  international  units,  and  to  conduct  all  the  work  relating 
to  the  lighting  field  that  could  be  made  of  an  international 
character. 

The  Honorary  Secretary  of  the  International  Commission 
is  Mr.  C.  C.  Patterson,  of  the  National  Physical  Laboratory, 
near  London,  and  a  Secretary  has  been  selected. 

The  contribution  of  $ioo  which  the  Institute,  in  common 
with  the  American  Institute  of  Electrical  Engineers,  Illumin- 
ating Engineering  Society,  and  others,  contributed,  is  to  de- 
fray the  expenses  of  the  Secretary's  office  both  here  and 
abroad. 

It  is  believed  that  there  will  be  some  difficulty  in  the  im- 
mediate future  in  arriving  at  any  agreement  with  scientists  on 
any  subject  relating  to  lighting. 

W.  H.  Gartley,  Chairman, 
C.  O.  Bond, 
Alten  S.  Miller. 

REPORT    OF    PRESIDENT    OF    UNITED    STATES 

NATIONAL  COMMITTEE  OF  INTERNATIONAL 

COMMISSION    ON    ILLUMINATION    FOR 

THE  YEAR  1913-14. 

In  accordance  with  the  statutes  of  this  Committee,  I  beg 
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to  submit  the  following  report  for  the  year  dosing  November 
1st,  1914: 

Although  the  organization  of  the  National  Committee  and 
subsequent  organization  of  the  International  Commission  on 
Illumination  were  consummated  more  than  a  year  ago,  it  may 
be  advisable  to  refer  briefly  to  these  two  important  steps  of 
organization  in  this  first  annual  report.     Subsequent  to  over- 
tures made  to  the  International  Photometric  Commission  by 
the  American  Gas  Institute,  supported  by  other  societies  of 
the  United  States,  and  in  anticipation  of  the  re-organization  of 
the  Photometric  Commission  into  the  International  Commis- 
sion on  Illumination,  steps  were  taken  looking  to  the  formation 
of  a  National  Committee  on  Illumination  in  this  country.     To 
this  end  an  organization  meeting  was  held  July  i8th,  1913,  at 
which  the  Bureau  of  Standards  and  the  following  Technical 
and  Scientific  Societies  were  represented: 
American  Gas  Institute, 
American  Institute  of  Electrical  Engineers, 
Illuminating  Engineering  Society, 
American  Physical  Society. 

The  representatives  of  these  bodies  organized  a  National 
Committee  on  Illumination,  in  accordance  with  the  proposed 
statutes  of  the  projected  International  Commission,  and  fur- 
thermore elected  delegates  to  represent  the  United  States  at 
the  Conference  to  be  held  in  Berlin,  August  27th-30th  of  that 
year. 

It  is  only  necessary  to  state  most  briefly  that  the  Berlin 
Conference  came  to  2  successful  conclusion  in  the  re-organiza- 
tion of  the  old  Photometric  Commission  into  the  new  Inter- 
national Commission  on  Illumination  with  the  adherence  of  ten 
nations.  In  the  following  November  the  organization  of  the 
U.  S.  National  Committee,  as  an  integral  part  of  the  Inter- 
national Commission  on  Illumination,  was  confirmed  by  the 
U.  S.  National  Committee  subject  to  the  approval  of  the  var- 
ious bodies  represented  in  the  Committee.  This  action  was 
subsequently  approved  by  these  various  societies,  thus  formally 
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establishing  the  adherence  of  the  United  States  to  the  Inter- 
national Commission  through  the  National  Committee. 

In  accordance  with  the  statutes  of  the  International  Com- 
mission on  Illumination,  the  United  States  was  called  upon  to 
contribute  towards  the  expenses  of  the  Commission  to  the 
amount  of  £50.  To  this  end  the  National  Committee  voted 
that  each  of  the  three  Technical  Societies  represented  on  the 
Committee,  viz.,  the  American  Gas  Institute,  the  American 
Institute  of  Electrical  Engineers,  and  the  Illuminating  En- 
gineering Society,  be  requested  to  contribute  $100  each  for 
the  ensuing  year,  the  balance  over  and  aborve  the  dues  to 
the  International  Commission  to  be  applied  toward  defraying 
such  expenses  as  may*be  necessary  in  carrying  out  the  work 
of  the  National  Committee.  These  funds  were  collected  and 
the  dues  from  this  country  were  forwarded  on  Dec.  8,  1913. 
The  principal  source  of  expenses  in  connection  with  the  Inter- 
national Commission  is  the  maintenance  of  the  Assistant  Secre- 
tary. Mr.  Patterson,  the  Honorary  Secretary,  has  notified  this 
Committee  of  his  consideration  of  various  candidates  for  the 
position  of  Assistant  Secretary,  but  up  to  the  present  time,  no 
notification  of  appointment  has  been  received,  so  that  it  is 
questionable  whether  the  office  of  the  Commission  has  been 
fully  established  as  yet. 

I  regret  the  occasion  that  makes  it  necessary  to  include  in 
this  report  a  statement  of  the  death  of  Herr  Weiss,  Treasurer 
of  the  International  Commission.  As  yet  no  successor  to 
Herr  Weiss  has  been  elected. 

Owing  to  the  international  complications  which  have  arisen, 
no  further  progress  has  been  made  in  the  development  of  the 
plans  of  the  International  Commission.  The  U.  S.  National 
Committee  has,  however,  inaugurated  plans  for  promoting  the 
objects  of  the  Commission  in  so  far  as  it  is  possible  for  the 
Committee  to  go.  At  a  meeting  of  the  Committee  held  in  Feb- 
ruary of  this  year,  it  was  voted  that  the  last  report  of  the  Com- 
mittee on  Nomenclature  and  Standards  of  the  Illuminating 
Engineering  Society  should  be  submitted  to  the  International 
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Commission  on  Illimiination  for  its  consideration,  as  a  basis 
of  international  action  on  this  question.  It  was  also  voted 
that  a  communication  be  sent  to  the  Honorary  Secretary  stat- 
ing it  to  be  the  opinion  of  this  Committee  that  it  would  be 
useful  to  bring  together  a  digest  of  lighting  l^slation  in  the 
various  countries  represented  on  the  Committee,  and  that  the 
materials  for  such  digest  would  be  most  readily  made  available 
if  each  National  Committee  would  undertake  to  present  a 
digest  of  lighting  l^slation  in  its  own  country. 

Furthermore,  it  was  voted  that  the  Executive  Sub-Com- 
mittee of  the  National  Committee  be  requested  to  devise  ways 
and  means  of  stimulating  researches  of  primary  standards 
and  heterochromatic  photometry.  The  Executive  Sub-Com- 
mitttee  in  pursuance  of  this  request  recommended  investiga- 
tions of  the  following  problems: 

1.  Methods  of  heterochromatic  photometry. 

2.  Light  filters. 

3.  Co-operative  standardization  of  filters. 

4.  Objective  photometry. 

5.  Primary  standards. 

A  circular  letter  was  sent  by  the  Secretary  of  the  Committee 
to  a  number  of  laboratories  asking  that,  if  possible,  investi- 
gations of  some,  or  all,  of  these  questions  be  undertaken. 
Favorable  repUes  have  been  received  from  several  laboratories 
and  I  am  glad  to  be  able  to  state  that  some  research  work  has 
already  been  b^^n.  Owing  to  the  unfortunate  situation  in 
Europe,  little  hope  can  be  had  of  many  results  being  accom- 
plished for  the  present  in  foreign  countries  and  I  am  impelled 
to  urge  the  increased  importance  of  activity  of  the  U.  S.  Com- 
mittee, in  order  that  the  life  of  the  Commission  may  be 
fostered. 

Respectfully  submitted, 

Edw.  p.  Hyde,  President. 

The  President  called  on  Mr.  J.  A.  Gould  for  the  following 
report: 
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REPORT   OF   REPRESENTATIVES   ON  JOINT   NA- 
TIONAL COMMITTEE  ON  ELECTROLYSIS. 

The  Joint  National  Committee  on  Electrolysis  is  composed 
of  three  representatives  from  each  of  the  following  Asso- 
ciations : 

American  Institute  of  Electrical  Engineers, 
American  Electric  Railway  Association. 
American  Railway  Engineering  Association, 
National  Electric  Light  Association, 
American  Telephone  and  Telegraph  Company, 
Natural  Gas  Association  of  America, 
American  Gas  Institute, 
and  one  representative  of  National  Bureau  of  Standards. 

The  American  Water  Works  Association  was  invited  to 
appoint  representatives,  but  has  not  yet  decided  to  do  so. 

Meetings  of  the  Joint  Committee  were  held  on  February 
25th  and  26th,  when  the  Committee  organized  with  B.  J. 
Arnold,  of  Chicago,  as  Chairman,  and  Dr.  E.  B.  Rosa,  of 
Washington,  as  Secretary. 

The  members  of  the  General  Committee  were  assigned  to 
act  on  one  or  more  of  four  sub-connmittees  suggested  by  the 
Plan  and  Scope  Committee. 
The  work  assigned  to  these  sub-committees  was : 

1.  Principles  and  Definition. 

2.  Methods  and  Analysis  of  Surveys. 

3.  Foreign  Practice. 

4.  Domestic  Practice. 

The  American  Gas  Institute  is  represented  on  the  2d, 
3d  and  4th  CcMnmittees,  Mr.  von  Maur  being  Chairman  of 
Committee  on  Methods  and  Analysis  of  Surveys,  and  Prof. 
Ganz  is  a  member  of  Committee  on  Domestic  Practice. 

A  meeting  of  the  General  Committee  was  held  in  New  York 
City  on  September  14th,  when  informal  verbal  reports  of 
progress  were  made. 

It  is  hoped  by  the  General  Committee  that  the  sub-com- 
mittees can  complete  their  reports  in  November,  preparatory 
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to  action  on  the  final  report  by  the  General  Committee  at  a 
later  date. 

Although  your  Committee  has  nothing  definite  to  report  at 
this  meeting,  it  wishes  to  state  that  important  data  have  been 
collected  by  members  of  the  General  Committee. 

The  President  and  the  Chairman  of  the  Committee  on 
Foreign  Practice  have  toured  England  and  the  Continent  in 
search  of  information  to  guide  the  Committee  in  compiling 
its  report. 

J.  A.  Gould,  Chairman, 

A.  F.  Ganz, 

J.  D.  VON  Maur. 

Mr.  G.  T.  Macbeth  (Mount  Vernon,  N.  Y.)  :  I  move 
that  the  report  be  adopted  and  the  Committee  continued. 

The  motion  was  seconded. 

Mr.  W.  R.  Addicks  :  I  do  not  think  you  can  continue  any 
Committee  with  the  present  ruling.  We  can  recommend  to 
the  next  Board  to  continue. 

Capt.  William  E.  McKay  :  By  the  action  of  the  Institute 
last  year  the  Committee  is  discharged  on  the  filing  of  the  re- 
port, and  the  Technical  Committee  of  this  year,  the  report  of 
which  has  been  adopted,  has  arranged  its  recommendations 
for  the  incoming  Board,  to  renew  the  appointments  where  they 
are  advisable. 

I  hope  Mr.  Macbeth  will  modify  his  motion. 

Mr.  G.  T.  Macbeth  :    I  accept. 

The  President:  Mr.  Macbeth  modifies  his  motion  to 
the  effect  that  the  report  of  the  Committee  be  accepted  and 
the  continuation  of  the  Committee's  work  be  recommended  to 
the  Technical  Committee  for  next  year.  All  those  in  favor 
will  please  say  aye.  (Ayes.)  Contrary  no.  (No  response.) 
It  is  so  ordered. 

The  next  subject  is  the  Report  of  the  Committee  on  the 
Uniform  System  of  Accounting,  Lewis  Lillie,  Chairman.  Is 
Mr.  Lillie  in  the  room?    (No  response.)    Is  Mr.  Curran  here? 


Digitized  by  VjOOQIC 


75 

(No  response.)  Is  there  any  member  of  that  Committee 
present  who  desires  to  make  any  statement  in  connection  with 
the  report?     (No  response.) 

The  President  then  called  on  Mr.  R.  B.  Harper  for  the 
following  report : 

REPORT  OF  THE  BUREAU  OF  INFORMATION. 

The  Bureau  of  Information  appointed  by  the  Technical 
Committee  for  the  business  year  19 13  to  191 4  submits  the  fol- 
lowing report. 

The  work  of  the  Bureau  of  Information  for  the  12  months 
extending  from  October  i,  1913,  to  October  i,  1914,  may  be 
summarized  as  follows: 

Unanswered  questions,  prior  to  Oct.  i,  1913 24 

Total  questions  received,  Oct.  i,  1913,  to  Oct.  i,  1914    99 

Total  number  of  questions 123 

Answers  given  to  questions  asked  prior  to  Oct.  i,  1913    28 
Answers  given  to  questions  asked  from  Oct.  i,  1913, 
to  Oct.  I,  1914 104 

Total  number  of  individual  questions  answered  from 

Oct.  I,  1913,  to  Oct.  I,  1914 90 

Questions  remaining  unanswered,  Oct.  i,  1914 32 

Answers  by  members  at  large 42 

Answers  by  members  and  others  solicited  by  Bureau 

of  Information  46 

Answers  by  individual  members  of  Bureau  of  Infor- 
mation     7 

Answers  by  Bureau  of  Information 37 

Total  answers  132 

It  will  be  noted  that  the  number  of  answers  published  ex- 
ceeds the  niunber  of  questions  answered,  due  to  the  fact  that 
your  Committee  in  a  number  of  cases  obtained  two  or  more 
answers  to  the  same  question. 

In  order  to  show  the  growth  in  the  niunber  of  questions 
and  answers  thereto  since  the  Bureau  of  Information  was  es- 
tablished, the  following  table  is  given: 
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Business  year  Questions  asked         Answers  given 

1906-1907    8  8 

1907-1908  32  30 

1908-1909  15  15 

1909-19IO  14  14 

191O-19II  10  10 

19II-1912  48  34 

I912-I913  109  106 

1913-1914  99  132 

The  foregoing  statistics  of  the  work  covered  by  the  Bureau 
of  Information  show  that  of  late  years  the  number  of  ques- 
tions asked  have  increased  considerably.  This  appears  to  in- 
dicate increasing  interest  of  the  members,  and  readers  of  the 
Gas  Institute  News  in  the  work  covered  by  the  Bureau  of  In- 
formation. The  members  of  your  present  Bureau  regret  that 
the  interest  shown  seems  to  be  a  stimulated  one  rather  than 
one  originating  within  the  individual  members  and  others. 
Apparently  the  interest  displayed  is  somewhat  dependent  upon, 
and  proportional,  to  the  publicity  given  to  the  advantages  of 
the  Question  Box.  Your  present  Bureau  has  endeavored  to 
call  to  the  attention  of  all  gas  men,  the  existence  of  the 
Question  Box  and  the  value  of  participation  in  the  sending  in 
of  questions  and  answers  pertaining  to  problems  of  the  gas 
and  allied  industries.  We  have  done  this  by  means  of  notices 
in  the  Gas  Institute  News,  and  believe  the  method  has  been 
productive  of  good  results. 

Your  present  Bureau  of  Information  has  followed  the 
practice  of  the  past  in  that  it  did  not  assume  responsibility  for 
opinions  expressed,  endeavored  to  prevent  the  publication 
of  answers  in  such  form  that  they  might  be  considered  as  ad- 
vertising in  nature,  and  respected  the  wish,  whenever  ex- 
pressed by  the  author  of  an  answer,  that  his  name  be  not  pub- 
lished in  connection  with  the  answer  given. 

Answers  to  questions  remaining  unanswered  for  some  time 
or  those  which  were  somewhat  difficult,  were  solicited  by  the 
Bureau  of  Information  from  men  whom  we  thought  qualified 
to  give  valuable  information  on  the  respective  subject  matters 
of  the  various  questions.    In  most  cases,  as  a  last  resort,  mem- 
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bers  of  the  Bureau  prepared  answers  to  questions  concerning 
which  information  was  not  readily  volunteered  by  the  mem- 
bers at  large. 

Practically  all  answers  received  were  published,  and  due 
credit  given  the  author  unless  otherwise  desired.  It  Vas 
thought  that  inasmuch  as  the  Bureau  did  not,  and  could  not 
very  well  assume  responsibility  for  the  correctness  of  the 
opinion  expressed,  all  answers  of  a  non-advertising  nature 
should  be  published. 

Your  Bureau  of  Information  appends  an  alphabetical  list 
of  answered  questions,  to  show  where  they  are  to  be  found  in 
the  Gas  Institute  News, 

R.  B.  Harper,  Chairman, 

L.    R.    DUTTON, 

C.  N.  JELI^IFFE, 

H.  B.  McLean, 
G.  I.  Vincent, 
A.  D.  Little, 

D.  D.  Barnum. 


ANSWERS. 
1913-1914. 

Accounting — change  of  address 

Accounting — fuel  account 

Accounting — meter  capacity  telltale 

Accounting — office  force 

Accounting — problems   

Accounting — sub-station  telephone  service. 

Ammonia — alkali   

Ammonia — color    

Ammonia — freezing  fixed  

Ammonia — percentage  of  

Auger — for  freezing  stopped  standpipes  . . 


Vol 


Boiler  efficiency  

Btmsen  principle  in  open  flame — application  of. . 

Candle-power  from  chemical  composition 

Candle-power  variation 

Cars — heating  street,  with  gas 


Page 

265 

262,  263 

163 

263 

472,  473 

34 

37 

37 

64 

67 

385 

112 
416 

210 

36 

267 
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Volume  Page 

Coal — sperm  value  of Ill  336 

Coke— hot— for  fuel Ill  334 

Coke  value  Ill  385 

Concrete — action  of  ammonia  on Ill  475 

Condensation — wet  vs.  superheated  steam Ill  32 

Cups — ^holder — unsealed  by  wind  Ill  154 

Curb  cocks    Ill  68,  112 

Draft — gas  range   Ill  263 

Effect  of  change  of  gas  on  adjustment  of  fuel 

appliances    Ill 

Enriching — coke  oven  gas Ill 

Enrichment— comparative  cost  of  oil  vs.  benzol.  Ill 

Formula — orifice  control  of  flow Ill 

Gas — critical  flow  of Ill 

Gas — compressed  for  demonstration  purposes...  Ill 

Gas — compressed  for  lighthouse Ill 

Gas — compressed — hauled  by  motor  wagon Ill 

Gas  Engine— Diesel    Ill 

Gas  Engine — fluctuation    Ill 

Gas — from  cannel  coal Ill 

Gas — in  operating  room Ill 

Gas — unaccounted  for — per  mile II 

Gasoline — heating  value,  gravity  and  efficiency..  Ill 

Heats — proper  carbureter  and  superheater Ill 

Heats — under  pressure  vs.  open  tank Ill 

Holder  cups — freezing  of Ill 

Holders — gas    Ill 

Holders— non-freezing  mixture  for Ill 

Holders — preventing  freezing II 

Invoice — approval    Ill 

Invoice — checking    Ill 

Joints — removing  lead  and  cement Ill 

Leaks — holder  Ill 

Lighting  and  extinguishing  by  mercury  seal III 

Lines — testing  high   pressure II 

Literature — producer  gas Ill 

Mantles— durability  tests  of Ill  333 


478. 

479 

164 

162 

266.  33-2. 

380 

64 

207 

206, 

207 

208 

37,  158, 

202 

69 

III 

158 

355 

417 

470 

419 

479 

68, 

69 

261 

367 

33 

34 

III 

32 

476 

356, 

419 

15a 

161 
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Volume  Page 

Mathematics — a  question  in Ill  32,    33 

Meter — access   to Ill  421 

Meter— cock   clamp Ill  34 

Meters    Ill  384 

Meters — meter  cock  clamp Ill  64 

Meters — discontinuing  of Ill  420 

355 
417 

Meters — ^temperature  of  consumers' II  355 

Meters— Venturi    Ill  1 13,203,204,264,380 

Mixers— air  II  389 


Meter  reading  data -! 


Naphthalene — removing    Ill  476 

Naphthalene — solvent  for , Ill  34 

Odor — chemical  cause  of  appliance  gas Ill  471 

Odor— gas  log Ill  470 

Odors — removal  of  gas Ill  477 

Office  supplies   Ill  33 

Oil — gas  oil  values  Ill  208 

Orifice — fixed  spud  vs.  adjustable  for  gas  fuel 

appliances    Ill    267,  268,  269,  271 

Oven — why  is  gas  oven  superior  to  coal  oven?. .  Ill  163 

Pipe-;-Matheson    II  357 

Radiation — loss  of  heat  by Ill  ^55 

Ranges — second-hand   coal    ...  II  35^ 

Refrigeration— iceless  or  gas Ill  35 

Registered  make  of  gas— correcting  the Ill  475 

Relation  of  temperature— flow  and  condensation  III                     383,  471 

Retorts — introduction  of  clay Ill  205 

Safety  lamp   Ill  480 

Service  driving   Ill  ^7 

Service,  gas — applications  and  deposits Ill  265 

Service  pipes — life  and  deterioration Ill  47^ 

Shut-oflF— temporary    Ill  42i 

Steam  coils  vs.  burners Ill  ^57 

Stop  cocks— are  they  necessary? ]  357.  3o9 

(111  420 

Stratification  of  gases Ill  477 
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Tar  from  hydraulic  mains — removal  of Ill  420 

Temperature  under  heater — safe  floor Ill  471 

Thermal  Value — ^percentage  of — in  gas  making.  Ill  417 

Tool   cart— steel Ill  34,    65 

Vehicles — economy  of  motor  vs.  horse-drawn. . .  Ill  209 

Water — extracting  of,  from  water  gas  tar Ill  113 

The  President:  The  Bureau  of  Information  has,  I 
think,  this  year  exceeded  all  former  efforts,  and  it  seems  to 
me  that  no  question  put  by  the  Bureau  of  Information  in  the 
Institute  News  should  go  without  a  g^eat  many  answers  being 
given.  The  questions  that  I  noticed,  and  I  think  I  noticed 
them  all,  were  of  a  particularly  practical  nature,  apparently 
so  simple  that  one  or  two  cases  were  submitted  that  had  a 
trap  laid  for  them.  I  remember  in  one  case  the  question  came 
up,  "Why  should  you  take  snow  oS  the  top  of  a  holder?" 
When  the  question  first  came  out,  in  the  office  in  which  I  hold 
forth,  in  Philadelphia,  a  number  of  my  associates  were  there,  . 
and  I  think  all  answered  the  question  at  once;  then  they  re- 
vised their  answer  and  stated  what  they  meant  when  they  gave 
the  first  answer;  then  they  revised  that  again,  and  at  the  end 
of  the  week  they  were  still  working  on  some  answer  that*  they 
had  given,  but  that  did  not  entirely  cover  the  situation.  It 
seems  to  me  that  the  Bureau  of  Information  should  be  a  joy 
to  those  men  particularly  connected  with  the  business  who  are 
junior  members  and  who  get  the  Institute  News,  possibly 
through  the  subscription  furnished  by  their  company.  I  think 
those  men  should  be  encouraged  to  pay  particular  attention  to 
it.  Again,  I  think  the  Question  Box  is  one  of  the  important 
functions  of  the  Gas  Institute  News,  I  should  like  to  take 
more  time  in  talking  about  what  the  functions  of  the  Gas  In- 
stitute News  are  and  what  they  are  not ;  but  certain  it  is  that 
the  Bureau  of  Information,  being  a  business  closely  associated 
with  the  working  of  the  Institute,  encroaching  on  no  other 
publication's  work,  and  of  vital  interest  to  the  development  of 
the  business,  should  be  continued  in  the  Gas  Institute  News 
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and  should  be  cultivated.     What  is  your  pleasure  regarding 
the  acceptance  of  the  report? 

Mr.  W.  R.  Addicks  :  I  move  that  it  be  accepted,  placed  on 
file  and  published. 

The  motion  was  seconded  and  carried. 

The  President  :  Next  in  order  is  the  report  of  the  Com- 
mittee on  International  Uniform  System  of  Pipe  Threads. 
Mr.  W.  Cullen  Morris,  Chairman. 

Mr.  Morris  then  read  the  report  of  the  Committee  as  fol- 
lows : 

REPORT  OF  COMMITTEE  ON  INTERNATIONAL 
UNIFORM  SYSTEM  OF  PIPE  THREADS. 

Your  Committee  has  held  several  meetings  during  the  year 
with  a  similar  Committee  of  the  American  Society  of  Mechan- 
ical Engineers.  At  these  meetings  instructions  were  prepared 
for  transmission  to  the  delegate  of  the  American  Gas  Institute 
to  the  Committee  on  the  International  Standardization  of 
Pipe  Threads.  The  reasons  calling  for  these  additional  in- 
structions will  be  found  in  the  June  News, 

W.  Cullen  Morris,  Chairman, 
Alten  S.  Miller, 
H.  L.  Underbill. 

Mr.  W.  Cullen  Morris:  I  might  say,  Mr.  President, 
that  since  making  this  report  I  received  a  further  letter  which 
was  transmitted  to  Mr.  Herr,  Chairman  of  the  Committee  of 
the  American  Society  of  Mechanical  Engineers,  stating  that 
practically  all  of  the  negotiations  with  the  Committee  had 
been  broken  off. 

The  President  then  called  on  Mr.  J.  B.  Douglas,  Chairman 
of  the  Committee  on  Accident  Prevention. 
6 
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REPORT  OF  COMMITTEE  ON  ACCIDENT 
PREVENTION. 


Work  op  Committee. 

When  our  Committee  was  appointed  last  April,  the  question 
of  obtaining  from  members  of  the  Institute,  accident  reports 
to  form  the  basis  of  analyses  of  causes  and  effects  was  con- 
sidered and  in  May  the  following  circular  letter  and  inquiry 
blank  were  mailed : 

Office  of 

Chairman,  Committee  on  Accident  Prevention 

1401  Arch  Street,  Philadelphia,  Pa. 

Dear  Sir: 

Will  you  help  us  to  be  of  assistance  in  preventing  acci- 
dents by  reporting  cases  on  the  enclosed  blanks,  a  supply 
of  which  has  been  sent  you? 

Upon  receipt  of  the  information  desired,  we  will  make 
analyses  to  determine  the  predominating  causes  of  acci- 
dents and  the  order  in  which  they  occur.  We  will  then 
suggest  measures  to  reduce  accident  frequency  in  the 
industry. 

Kindly  bear  in  mind  that  we  wish  to  begin  analyzing 
cases  as  soon  as  possible,  and  send  us  as  many  reports  as 
you  can.  I  would  suggest  reporting  from  both  old  and 
new  records. 

We  shall  be   glad   to   forward   additional  blanks   as 

desired. 

Very  truly  yours, 

J.  B.  DouGi^s, 

Chairffian. 
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REPORT  OF  AOCIDCNT 

TO  EMPLOYE  OF 


(NAME  Of  COMPANY  REPOATINO)  «aTY)  ISTATE* 

POR  UeC  OP  AMKNIOAN  OAS  IN«TrrVTK  IN  8TU0YINQ  ACCIOENT  PREVENTION 

TO  M  MAILED  TO  J.  B.  DOUOLAS.  CHAIRMAN 
AOCIDENT  PREVENTION  COMMITTEE 
1401  ARCH  8T,  PHILADELPHIA,  PA. 

ACCIDCNT  OATKT  -.     .     .  1»1.   ,  HOUR  OP  DAY T DAY  OF  WEEK t 

WEATHERT  ^  -       UOHTINOI 

AQE  OF  EMPtOYSr       - YRft.  OCCUPATION l_— .     . _„ 

MOW  LONG  IN  COMPANY^  EMPtOYt 


EMPtOYSD  IN  -DEPARTMENT   (MaTMMmOM, 


CAUSE  OF  ACCtOENT,   INCLUOINO  CMCUM6TANOE6   LEADtNO  TO  tAME.. 


IFPICT  OF  AOOnCNT,  INCUKNNO 

U)     M1VM  or  HAWV ^ 


oa.  wiWATto 


AMOHHT  or  AU   OTMVI   MVMSMT*  TO  <M    fOH  IMMMIO  I— 


WHAT  OtVKt  OR  PWMMlTlClfl  WOULD  PREVENT,  REOURflCNCET 
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A  comparatively  small  number  of  reports  were  received  in 
response,  and  on  July  22nd  a  second  circular  letter,  reading 
as  follows,  was  sent  out  by  the  Chairman : 

Some  weeks  ago  we  sent  you  a  circular  letter  referring 


::p;pp^:-::r::^i:i;;T;:x:|:.n^::::|:Ti:p:;p; 
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to  the  reporting  of  accidents  to  our  Committee  and  enclosed 
therewith  a  number  of  report  blanks. 

I  find  no  record  of  having  received  any  reports  from 
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you.  Won't  you  kindly  look  into  the  matter  and*  send  in 
the  desired  information?  If  no  accidents  have  occurred 
since  you  received  our  letter,   I  would   suggest  sending 


reports  of  old  cases.     It  is  not  necessary  for  your  com- 
pany's name  to  appear  on  the  reports. 

We  are  now  engaged  in  analyzing  reports  received 
from  other  members,  and  in  order  that  the  results  may  be 
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as  complete  and  useful  as  possible,  I  want  to  include  some- 
thing from  you.  Won't  you  kindly  give  the  matter  early 
attention  and  let  me  hear  from  you? 

From  86  sources  in  29  states  we  have  received  and  analyzed 
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some  3,500  reports  of  employee  accident  cases  to  date,  as 
shown   by   Figs,    i    to   5   herewith.     The   total   number  of 
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answers  to  questions  on  the  accident  blank  in  some  cases  was 
insufficient  to  warrant  including  in  the  analysis. 


It  is  believed  that  Figs,  i  and  2  furnish  valuable  statistical 
data.  Figs.  3,  4  and  5,  however,  are  included  as  matters  of 
interest. 
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In  each  of  the  five  charts, 
have  been  included  due  to  the 

1.  Caught  in  pulley  of  coal  con- 

veyor. 

2.  Struck  on  head  by  falling  coal. 

3.  Struck  by  street  car. 

4.  Thrown  by  skidding  motor-cycle. 

5.  Burned  by  hot  tar. 

6.  Coke   buggy   struck   latch   and 

opened  door  of  generator. 


Figs.  I  to  5,  eleven  fatal  cases 
following  causes : 

7.  Coaling  door  of  experimental 

generator  not  clamped. 

8.  Falling  from  cylinder  head. 

9.  Overcome  by   gas    while   tap- 

ping mains. 
ID.  Same. 
II.  Same. 
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Occupations. 


The  occupations  reported  in 

Bench  doctor i 

Elevatomian i 

Salesman i 

Screenman i 

Crusherman i 

Quencher i 

Buggyman i 

Ashman i 

Rigger i 

Flue  cleaner    i 

Tinsmith i 

Serviceman 2 

Station  operator 2 

Ezhausterman    2 

Watchman 2 

Oiler 2 

Retort  house  operator 2 

Cellarman 2 

Press  operator 2 

Charger 3 

Superintendent 3 

Mason  « 3 

Janitor 5 

Stableman 5 

Storekeeper 5 

Clinkerer  6 

Carpenter 6 


i»033  cases  were  as  follows : 

Stillman 6 

Floorman  7 

Collector 8 

Pipeman 8 

Boilermaker 8 

Blacksmith 9 

Gas  inspector 9 

Utility  man 10 

Engineer 11 

Clerk II 

Cokeman   11 

Meterman 13 

Mechanic 17 

Caulker    18 

Repairman 20 

Complaintman    21 

Gas  maker 25 

Orderman 30 

Fireman  v.  31 

Driver 31 

Stoker 33 

Meter  reader 40 

Foreman 62 

Helper 86 

Fitter 131 

Laborer 314 

Total 1,033 


Safety  Organization. 

Co-operation  being  the  keynote  of  success  in  preventing 
accidents,  it  is  important  at  the  outstart  to  enlist  the  interest 
and  active  support  of  officers  and  workmen.  This  interest 
can  usually  be  aroused  through  a  safety  rally,  at  which  the 
plan  and  scope  of  the  work  should  be  pointed  out  by  the 
Manager  or  Superintendent.  An  outside  speaker  on  accident 
prevention  attracts  additional  interest,  as  do  lantern  slides  and 
motion  pictures. 

Remarkable  success  has  come  to  many  companies  which  have 
pursued  safety  work  systematically.     The  matter  of  a  safety 
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organization  for  the  average  gas  company  has  been  taken  up 
and  the  following  simple  plan  is  recommended : 
The  organization  to  consist  of  : 

(a)  General  Safety  Committee  or  Department; 

(b)  Employees'  Safety  Committee. 
Committees  to  be  constituted  as  follows : 

(a)  The  General  Safety  Committee  to  consist  of  a  Chair- 

man, appointed  by  the  President  or  General 
Superintendent,  a  Safety  Inspector,  and  three 
other  members  appointed  by  the  Chairman. 

(b)  The  Employees'  Safety  Committee  to  consist  of  a 

Chairman,  who  should  be  the  Manager  or  Super- 
intendent, or  his  assistant,  and  three  members, 
appointed  by  the  Chairman,  from  the  Manufac- 
turing, Distribution  and  Commercial  Depart- 
ments. 
This  formation  should  result  in  a  wide  distribution  of  in- 
terest so  essential  to  successful  safety  work. 

The  duties  of  the  General  Committee  should  be  to  consider 
recommendations  of  the  Employees'  Committee,  and  to  issue 
instructions  bearing  on  accident  prevention  to  the  several  de- 
partments. The  General  Committee  should  have  full  author- 
ity over  the  Employees'  Committee.  It  should  meet  at  least 
once  a  month,  compile  and  issue  information  of  interest,  and 
devise  ways  and  means  of  keeping  employees  alive  to  the  im- 
portance of  exercising  care  in  their  work. 

The  duties  of  the  Employees'  Committee  should  be  mainly 
to  make  weekly  inspections  of  the  shops  and  plants,  and  to 
refer  to  the  General  Committee  such  recommendations  as  seem 
sound  and  involve  expenditures  above  a  limit  to  be  set  by 
the  General  Committee.  The  Employees'  Committee  should 
receive  accident  prevention  information  from  the  General 
Committee  and  spread  it  among  fellow  employees.  The  Em- 
ployees' Committee  should  meet  with  the  Safety  Inspector  at 
such  convenient  times  as  are  designated  by  him.  New  cases 
and  hazards  should  be  gone  over  thoroughly  and  prevention 
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work  and  ideas  discussed  at  such  meetings.  Special  joint 
meetings  of  the  Committees  should  be  called  promptly  in  the 
event  of  a  serious  accident  of  peculiar  interest,  to  consider 
measures  to  avoid  recurrence. 

Changes  in  the  personnel  of  the  Employees'  Committee 
should  be  made  from  time  to  time  by  the  Manager  or  Super- 
intendent in  order  to  inform  the  employees  about  accident  pre- 
vention work  and  widen  their  interest. 

Wherever  the  size  of  the  company  will  permit,  it  is  thought 
advisable  to  form  additional  safety  committees  in  each  de- 
partment or  plant. 

Where  the  plan  is  carried  out  as  suggested,  it  is  believed  that 
gratifying  results  will  demonstrate  the  advisability  of  con- 
tinued systematic  efforts  towards  the  prevention  of  accidents. 

Rules  and  Precautions. 

In  addition  we  have  made  up  a  list  of  precautions  intended 
to  prevent  accidents  in  the  several  departments  of  a  gas 
company.  Owing  to  the  limited  time  at  our  disposal  and  the 
fact  that  our  "meetings"  have  been  carried  on  by  corres- 
pondence, we  have  endeavored  to  confine  our  work  to  sug- 
gesting everyday  safety  rules  and  precautions.  These  should 
prove  helpful  in  combating  the  majority  of  accidents  occurring 
in  the  gas  industry. 

For  several  reasons  we  have  endeavored  to  omit  methods 
of  operation  and  practice. 

Generai.  Precautions. 

Reporting  Defects, — All  employees  should  be  instructed  to 
report  at  once  defects  and  conditions  liable  to  cause  accidents. 

Machinery. — All  moving  parts  of  machinery  and  belts 
abutting  passageways  or  exposed  to  contact,  should  be  guarded 
or  screened. 

Machinery  should  not  be  oiled  or  cleaned  while  in  motion, 
except  where  the  installation  of  extensions,  etc.,  has  been  made 
with  this  view  in  mind. 

Set   screws   protruding    from   shaft   collars,   pulleys,    etc., 
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should  be  covered  or  replaced  by  headless  set  screws.  Shaft 
ends  extending  beyond  collars  and  containing  key  or  key  slots 
should  be  covered. 

Emery  or  other  dry  abraiding  wheels  should  be  equipped 
with  safety  hoods  and  eye  shields.  Goggles  are  also  recom- 
mended. 

Elevators. — Floor  openings  should  be  cased  in  and  self- 
closing  gates  installed  in  front  of  openings  to  elevators  at  each 
floor  level.  The  casing  and  gates  should  be  high  enough  (say 
7  ft.)  to  prevent  a  person  extending  head  over  gates  into 
shaft.  They  should  extend  to  floor  to  prevent  material  from 
falling  into  shaft. 

Counterweight  shafts  should  be  encased  from  base  to  a 
height  of  at  least  8  ft. 

Toe  guards  should  be  provided  at  each  floor  to  prevent 
persons  riding  on  elevator  from  getting  feet  caught  between 
elevator  platform  and  ceiling  or  floor  extension.  Other  exten- 
sions into  shafts  should  be  guarded  in  a  like  manner. 

Elevator  platforms  should  have  fence  guards  at  sides  and 
back.  Top  of  elevator  car  should  be  covered  with  heavy  wire 
mesh  guard  to  protect  persons  on  platform  from  being  struck 
by  material  falling  into  shaft. 

A  flooring  or  heavy  wire  mesh  guard  should  be  placed 
under  sheaves  and  machinery  at  top  of  elevator  shaft. 

Safety  terminal  stops  should  be  placed  on  starting  cable  at 
upper  and  lower  levels,  and  lock  stop  should  be  installed  at 
each  floor  level. 

There  should  be  at  least  3  ft.  clearance  between  under 
side  of  elevator  platform  and  bottom  of  elevator  pit  when 
elevator  is  at  lowest  point.    Landing  posts  in  pit  are  advisable. 

Elevator,  cables,  sheaves,  etc.,  should  be  regularly  inspected. 

Passageways. — Passageways  should  be  kept  well  lighted. 
Swinging  doors  should  have  clear  wired  glass  panel  at  eye 
level. 

Obstructions  and  depressions  in  passageways,  paving,  side- 
walks, etc.,  should  be  eliminated. 
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Steam,  water  or  other  pipe  lines  extending  across  passage- 
ways should  be  placed  below  level  of  passageway,  or  raised 
high  enough  to  give  head  clearance. 

Floorings. — Loose  and  raised  floor  boards  should  be  fast- 
ened in  place ;  broken  and  splintered  boards  removed  and  pro- 
truding nails  hammered  down. 

Where  floors  are  slippery  from  oil  or  grease,  they  should 
be  sanded  and  the  cause  of  such  condition  removed  as  far  as 
possible. 

Coverings,  such  as  linoleiun,  etc.,  should  be  kept  in  repair 
and  securely  fastened  in  place. 

Small  holes  in  floors  likely  to  catch  shoe  heels  should  be 
covered. 

Stairways. — Hand  rails  should  be  provided  for  all  stairs. 
Stairways  should  be  well  lighted  and  free  from  obstructions.' 
Broken  or  splintered  treads  should  be  repaired. 

Floor  openings  to  stairways  when  not  cased  in,  should  have 
guard  rails;  also  floor  risers  to  prevent  material  from  falling 
on  stairs. 

Bars  or  guard  rails  should  be  placed  across  window  open- 
ings, particularly  on  stairways. 

Worn  and  slippery  metal  treads  should  be  roughened  or 
replaced.    Abrasive  metal  treads  are  suggested. 

Scaffolding. — Scaffolding,  either  temporary  or  permanent, 
should  be  of  substantial  construction  and  provided  with  guard 
rails  if  over  5  ft.  above  level.  Scrap  lumber  should  not  be 
used  for  such  purposes. 

Planks,  boards,  scaffolds,  etc.,  resting  on  overhead  ledges 
or  beams  should  be  removed  or  fastened  securely  in  place. 

Tools  and  material  should  not  be  allowed  to  remain  lying 
on  scaffolds. 

Overhead  Footways. — Planks  or  other  footwalks  or  pas- 
sageways overhead,  should  be  of  sufficient  width  (say  24 
inches)  to  give  ample  footing,  and  should  have  hand  rails  on 
one  or  both  sides  and  risers  where  over  passageways.  Tools 
and  material  should  not  be  left  on  overhead  footways. 
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Electric  Switches,  Wires,  Etc. — All  electric  switches,  circuit 
breakers,  rheostats,  etc.,  of  220  volts  or  more,  should  be  en- 
closed. 

Close  inspection  should  be  made  of  all  wiring  with  which 
persons  might  come  in  contact.  Defective  insulation  should 
be  immediately  repaired. 

Portable  electric  lamps  for  use  around  machinery,  etc., 
should  be  enclosed  in  substantial  insulated  guards.  The  lamp 
sockets  should  be  inspected  for  defects  in  insulation. 

Unskilled  employees  should  not  be  permitted  to  repair 
switches,  fuses,  lights,  etc. 

All  wiring  should  conform  to  the  Electrical  Code  of  the 
National  Board  of  Fire  Underwriters. 

'  Ladders, — Care  should  be  exercised  to  see  that  ladders  are 
of  sufficient  strength  and  length  for  the  purpose  used. 

Straight  ladders  should  be  equipped  with  hooks,  safety 
spurs  or  feet. 

All  ladders  should  be  regularly  inspected  and  kept  in  good 
repair.    Those  beyond  repair  should  be  destroyed  at  once. 

Permanent  ladders  should  be  installed  wherever  practicable 
for  the  use  of  oilers,  etc. 

Ladders  to  roofs  and  platforms  should  extend  a  distance  of 
3  ft.  above  the  roofs ;  rungs  should  be  omitted  above  roof  level. 

Bracings,  steps,  hinges,  etc.,  of  step-ladders  should  be  closely 
inspected. 

Glass, — Broken  window  lights  should  be  removed  imme- 
diately to  avoid  injury  due  to  falling  glass.  Pieces  of  glass 
should  be  promptly  removed  from  floors. 

Care  should  be  exercised  to  keep  broken  glass  off  passage- 
ways in  yard. 

Loose  Bricks,  Etc, — Loose  bricks,  cap  stones,  etc.,  in  chim- 
neys, on  top  of  walls,  offsets  or  ledges,  or  over  door  and  win- 
dow openings,  should  be  removed  or  rebedded.  Defective 
cornices,  gutters,  rain-spouts  and  pipes  should  be  promptly 
repaired.     Roofs  should  be  inspected  periodically  and  loose 
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slates  made  fast.    Provision  should  be  made  to  prevent  snow 
sliding  from  roofs.    Icicles  should  be  removed. 

Loose  boards  and  material  should  be  removed  from  scaffolds 
roofs  of  buildings,  etc. 

Gates,  Doors. — Gates  fronting  on  roads  or  footways  should 
be  hung  so  as  to  slide  or  swing  in.  Periodical  inspections 
should  be  made  of  hinges,  tracks  and  carriers.  Doors  and 
swinging  gates  should  be  fastened  in  either  open  or  closed 
positions. 

Covers. — Pit,  well  and  valve  box  covers  when  in  or  abutting 
passageways,  should  be  flush  with  same. 

Covers  should  be  recessed  for  handles  so  that  they  will  not 
protrude  above  level  of  cover. 

Oils. — Lubricating  oils,  paint  oils,  kerosene,  alcohol,  gaso- 
line, etc.,  should  be  stored  in  oil  house  separated  from  other 
buildings,  if  possible. 

Pentane  should  be  kept  in  a  cool  place,  preferably  in  a  pipe 
or  case  underground. 

No  smoking  or  exposed  flame  should  be  allowed  in  oil  house 
or  garage. 

Entrances. — Entrances  to  yards  should  be  kept  closed  or 
guarded.  Outsiders  should  be  admitted  only  on  permission  of 
proper  authority.  Children,  especially,  should  be  kept  out. 

Miscellaneous. — Frequent  inspection  should  be  made  by  the 
foreman  of  hand  tools  and  appliances  used  in  his  department. 
Defective  tools  should  be  immediately  withdrawn  from  service 
until  repaired. 

Tools  and  bars  should  be  kept  in  boxes  or  racks  when  not 
in  use. 

All  blocks,  pulleys,  ropes,  cables,  and  chains  should  be 
inspected  before  being  put  in  use. 

Material  stored  on  overhead  platforms  and  beams  should 
be  made  secure. 

Toe  boards  or  risers  should  be  installed  on  edges  of  plat- 
forms to  prevent  falling  of  material. 
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Tools  and  other  articles  should  not  be  stored  or  placed  on 
top  of  lockers,  closets,  etc. 

Gas  jets,  where  extending  into  or  along  passageways  at  face 
level,  should  be  raised  or  removed. 

Hooks,  nails  or  other  objects  protruding  from. walls  into 
passageways  at  face  level  or  lower  should  be  removed. 

Shelves  for  containers  of  chemicals  should  be  equipped  with 
risers. 

Protruding  nails  should  be  removed  or  hammered  down. 

Hammers  with  scored  heads  should  be  used  in  rough  work 
to  prevent  nails  flying. 

Guard  rails  should  be  placed  across  all  window  openings, 
especially  where  window  opening  is  near  floor. 

Ladders,  pipes,  bars,  etc.,  when  carried  on  vehicles  should 
not  extend  from  rear  of  vehicle,  but  when  imavoidable,  they 
should  be  at  height  to  give  head  clearance  to  pedestrians. 

Where  hose  connection  is  used  on  compressed  air  line,  a 
cock  or  valve  should  be  immediately  beTiind  the  outlet  nozzle. 
The  hose  should  not  be  kinked  to  cut  off  pressure. 

In  the  handling  of  heavy  material,  care  should  be  exercised 
to  assign  a  sufficient  nimiber  of  men  to  the  work. 

Bricks  or  spalls  should  not  be  used  to  block  up  overhead  pipe 
lines.  Pipe  hangers  or  blocks  of  wood  securely  fastened  in 
place  are  suggested. 

Goggles  should  be  worn  by  men  handling  molten  solder, 
lead,  etc. 

Horizontal  exhausts  into  passageways  should  be  removed 
or  provided  with  vertical  extensions. 

Foremen  should  be  careful  not  to  allow  inexperienced  men 
to  operate  machines,  or  perform  other  work  of  dangerous 
character  without  giving  full  instructions  as  to  safe  methods  of 
operation. 

Slogans, — Slogans  being  useful  in  helping  to  keep  alive  in- 
terest in  accident  prevention  work,  the  following  are  suggested, 
'i'hey  may  be  used  as  signs  and  on  letterheads,  pay  envelopes 
and  cards. 
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No  Accidents. 

Safety  and  Efficiency  Go  Hand  in  Hand. 
Prevent  Accidents ;  Popularize  Safety. 
Safety — ^Everywhere — Always. 
The  Safe  Way  is  the  Best  Way. 
The  Best  Way  is  the  Safe  Way. 
Taking  Care, — Not  Chances,  Means  Safety. 
Safety  Pays. 
Don't  Have  Accidents. 
Safety — Care — Caution. 
Boost  for  Safety. 
Carelessness  is  Dangerous. 
The  Safe  Way  is  the  Right  Way. 
Safety  Preserves  Life  and  Happiness. 
Be  Careful. 
Prevent  Accidents. 
Follow  the  Safe  Way. 

Accident  Prevention  Saves  Misery  and  Money. 
Think  about  Safety. 
Warnings,  Signs. — Employees  should  be  instructed : 
To  promptly  replace  any  safeguards  removed. 
Not  to  wear  ragged  clothing  and  to  guard  against  their 
clothing  being  caught  in  machinery  and  belting. 

Not  to  carry  lighted  pipes,  cigars,  cigarettes  or  exposed 
flame  into  places  where  there  is  any  smell  of  gas  or  likelihood 
of  an  explosive  mixture  being  present. 

Not  to  work  above  or  below  elevators  unless  the  latter  are 
first  made  inoperative. 

Not  to  tie  up  or  prop  up  elevator  gates. 
Not  to  hang  additional  weights  on  safety  valves,  dampers 
or  regulators. 

Not  to  open  or  close  any  valve  or  switch  or  start  any 
machinery  with  which  they  are  not  familiar,  nor  to  remove 
from  same  any  warning  or  danger  notice  unless  so  instructed 
by  some  one  in  authority. 

Not  to  leave  tools  or  material  on  ladders,  scaffolds  or  other 
overhead  places  from  which  they  might  fall  and  cause  injury. 
7 
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DANGER 


RAILROAD 
DANGER 


No.  1 


No.  4 


DANGER 

DO  NOT  TOUCH 


FIRE  EXIT 


No.  2 


No.  5 


NO  SMOKING 


SAFETY 
FIRST 


No.  3 


No.  6 


DANGER 

NO  SMOKING 

KEEP  FIRE 
AWAY 


MAN  IN  BOILER 

DO  NOT  OPEN  VALVE 


No.  8 


No.  7 


CAUTION 

DRIVEWAY 


No.  9 


WARNING 

BLOW  NORN 
BEFORE  CROSSINS 

No.  10 


Digitized  by  VjOOQIC 


99 


PREVENT 
ACCIDENTS 


BE  CAREFUL 


No.  11  No.  12 

Not  to  permit  temporary  scaffolds  to  remain  in  position 
after  they  have  served  their  purpose. 

Not  to  use  any  defective  tools  or  appliances,  but  to  turn 
them  in  at  once  and  thereby  avoid  injury  to  themselves  or  to 
fellow  workmen. 

To  invariably  use  goggles  while  chipping  metal  or  scale; 
while  working  at  dry  grinding  wheels;  bulling  standpipes  or 
engaged  in  other  work  where  there  is  a  danger  of  foreign 
matter  getting  into  eyes. 

To  wear  respirators  and  goggles  when  cleaning  out  combus- 
tion chambers,  smoke-boxes,  or  working  in  an  atmosphere 
heavily  charged  with  dust. 

Foremen  should  be  instructed  never  to  allow  one  man  to 
undertake  any  job  where  there  is  a  likelihood  of  his  being 
exposed  to  live  gas. 

The  use  of  signs  as  illustrated  below,  is  suggested.  Those 
numbered  from  i  to  6  inclusive,  have  been  adopted  by  the 
National  Association  of  Manufacturers  and  other  trade  as- 
sociations. Arrangements  have  been  made  to  secure  these 
signs  printed  on  linen,  size  7  in.  x  i8  in.,  through  the  Secretary 
of  the  Institute,  at  60  cents  per  dozen. 

The  signs  numbered  7  to  12  inclusive,  are  not  kept  in  stock 
but  can  be  readily  made  up  locally. 

All  signs  excepting  Nos.  3  and  6  to  have  white  letters,  red 
background.    Nos.  3  and  6,  white  on  green  background. 

Manufacturing  Department. 
Engine  Room. — Rail   or   screen  guards   should  be  placed 
around  fly  and  belt  wheels  and  pits  for  same.     The  lower 
panels  of  rail  guards  should  be  covered  with  mesh  wire,  or  a 
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floor  riser  should  be  installed  around  pit  opening  to  prevent 
tools  or  other  material  from  dropping  therein.  Rail  or  screen 
guards  should  be  placed  in  front  of  all  belts  and  pulleys  along 
passageways.  If  main  belt  runs  above  passageway,  a  bridge 
guard  should  be  placed  directly  under  the  belt  and  across  the 
passageway. 

High  speed  engines  in  addition  to  having  governors,  should 
be  equipped  with  automatic  safety  stops  and  speed  limit 
devices.  ., 

Provision  should  be  made  for  oiling  machinery  when  same 
cannot  be  temporarily  stopped,  from  outside  of  guard  rails. 
Oil  pipe  extensions  and  long-spout  oil  cans  are  suggested. 

Railings  should  be  placed  around  all  overhead  engine  plat- 
forms or  walk-ways. 

Employees  should  not  feel  bearings,  etc.,  of  machines  while 
same  are  in  motion. 

Floors  should  be  kept  as  free  as  possible  from  grease. 
Slippery  floors  should  be  sanded  and  the  cause  removed  if 
possible. 

Repairs  should  not  be  made  to  pipe,  especially  steam,  lines 
while  under  pressure. 

Boiler  Room. — When  boilers  are  connected  in  battery,  a  non- 
return valve  should  be  installed  between  the  boiler  and  header. 
Blow-off  from  each  boiler  should  be  a  separate  line,  or  each 
boiler  connection  should  be  equipped  with  a  cut-out.  Blow- 
offs  should  preferably  discharge  into  a  simip.  Where  steam 
from  sump  is  liable  to  cloud  a  passageway,  a  ventilating  pipe 
should  be  carried  at  least  lo  ft.  above  foot  level. 

When  a  boiler  is  out  of  commission  undergoing  repairs, 
steam  valve,  feed  water  valve  and  blow-off  cock,  should  be 
tightly  closed  and  locked,  and  a  sign  hung  on  valve  reading 
**Man  in  boiler, — do  not  open  valve". 

Quick  closing,  lever  handle,  chain  or  rod  pull,  or  automatic 
sealing  cocks  should  be  placed  on  water  glass  columns. 

Safety  valve  outlets  should  have  vertical  extensions  to  pre- 
vent steam  from  injuring  persons  on  top  of  boilers. 
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Tools  or  extra  weights  should  not  be  placed  on  safety  valve 
levers,  where  they  are  likely  to  be  overlooked. 

Steam  line  outlets  should  discharge  vertically 

Outlet  of  surface  blow-off,  if  not  connected  to  discharge 
line,  should  lead  into  ash  pan. 

Water  lines  for  wetting  ashes  should  not  be  strung  against 
boilers,  owing  to  the  likelihood  of  employees  being  scalded  by 
what  they  expect  to  be  cold  water. 

Fire  tools  and  bars  should  be  kept  in  racks  when  not  in 
use,  and  not  left  leaning  against  boilers  or  walls  or  on  the 
floors. 

Loose  bricks  on  top  of  walls  or  boiler  sets  should  be  re- 
moved or  rebedded. 

Floors  in  front  of  boilers  should  be  kept  free  of  coal,  cin- 
ders, etc. 

Retort  House, — Charging  and  discharging  machines  should 
be  equipped  with  automatic  terminal  stops,  and  also  bells  or 
whistles  to  automatically  give  notice  of  change  of  position. 
Wheel  guards  should  be  provided  to  avoid  foot  injuries. 

Fuel  should  not  be  left  scattered  on  floor. 

Floor  openings  over  hot  coke  chutes  should  be  covered  when 
not  in  use  to  prevent  material  from  falling  on  men  in  cellar. 
Cotter  pins  and  nuts  on  buggy  axles  should  be   frequently 
examined. 

Reversing  wheels  on  dumping  carriages  and  sprockets  of 
conveyors  should  be  completely  guarded. 

Belts,  wheels,  gears,  etc.,  on  coal  crushers  should  be  guarded. 

Fire  tools  and  bars  should  be  kept  in  racks  when  not  in  use, 
and  not  left  leaning  against  walls  or  on  floors. 

Generator  House, — Frequent  inspections  should  be  made  of 
floor  plates  to  see  that  they  have  proper  bearing. 

Workmen  engaged  in  clinkering  should  guard  against  hot 
coke  dropping  in  shoes,  which  should  be  snugly  laced. 

Clinkering  bars  should  be  equipped  with  guards  to  prevent 
hand  injuries.    Sledging  bars  should  be  held  by  tongs. 

Seal  pots  should  be  covered  or  guarded. 
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Open  ends  of,  and  openings  in  operating  floors  should  be 
provided  with  guard  rails,  and  with  toe  guards  or  risers  to 
prevent  coal,  tools,  etc.,  from  dropping  on  workmen. 

Generator  coaling  doors  should  be  securely  fastened. 

Pipe  extensions  should  not  be  used  on  screw  stems  of  cotter 
bars  to  give  extra  leverage. 

No  naked  lights  or  flame  should  be  allowed  near  wash  box 
while  same  is  being  cleaned. 

Oil  lines  should  be  provided  with  cut-offs  outside  of  building. 

Purifier  and  Oxide  House. — If  gas  wall  lights  are  used, 
recesses  should  be  hermetically  sealed  from  the  inside  of  the 
building.  If  electric  lights  are  used,  they  should  be  equipped 
with  keyless  sockets  and  the  switches  located  on  the  outside  of 
the  building. 

Cleaning  of  purifier  boxes  should  not  be  done  by  less  than 
two  men. 

Matches  and  exposed  lights  should  not  be  allowed  in  purifier 
house  under  any  circumstances. 

Guards  should  be  placed  on  wheels  of  box-lid  carriers. 

On  doors  and  entrances  to  purifier  house,  signs  reading  as 
follows  should  be  hung  "Danger,  No  Smoking,  Keep  Fire 
Away." 

Blower  Room. — Intake  ports  in  side  casings  of  blowers 
should  be  guarded  or  covered  with  meshed  wire. 

Coal  Shed  and  Trestles. — When  coal  and  coke  are  being  re- 
moved from  bunkers  or  under  trestles,  care  should  be  taken 
to  see  that  pieces  are  not  allowed  to  remain  on  the  tops  of 
stringers,  beams,  etc. 

Trestles  should  be  equipped  with  foot-walks  and  hand-rails 
outside  of  tracks. 

Bars  about  12  in.  apart  should  be  placed  across  openings 
between  tracks  over  hoppers. 

In  emptying  drop-bottom  cars,  a  safety  wrench  should  be 
used  or  two  men  should  be  employed, — one  man  to  use  wrench, 
the  other  to  release  the  latch  or  pawl,  one  tooth  at  a  time. 
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Naked  flames  should  not  be  taken  into  air  laden  with  coal 
dust. 

All  persons  should  be  warned  to  keep  off  smouldering  coal 
piles  and  cinder  dumps  because  of  the  likelihood  of  stepping 
into  hidden  fire. 

Ladders  leading  to  walk-ways  should  be  regularly  inspected. 
They  should  be  fixed  or  permanent  where  practicable. 

Holders, — Stair^vays  and  platforms  to  holders  should  have 
intermediate  rails  in  addition  to  hand  rails.  There  should  also 
be  an  intermediate  rail  on  galleries  in  front  of  siphons.  (In 
adjusting  the  siphons  the  operator  is  usually  in  a  stooping 
position,  and  his  body  is  below  the  hand-rail  guard.) 

Straight  ladders  to  holders  should  be  provided  with  cage 
guards. 

When  stairways  to  holders  are  accessible  to  public,  they 
should  be  guarded  by  gate  and  screens. 

Holder  pits  should  also  be  guarded. 

Tar  Separators,  Etc, — Covers  or  guard  rails  should  be  placed 
on  or  around  tar  separators,  pits  and  stills. 

Tanks. — Roofs  and  hatch  covers  of  tanks  should  be  made  of 
substantial  material.  Open  tanks  should  be  provided  with 
floats  and  life  lines. 

Gas  and  oil  tanks  should  be  carefully  purged  before  being 
entered.  As  an  extra  precaution,  workmen  entering  tanks 
should  wear  life  lines,  held  by  others  outside  the  tanks. 

Yards. — Scrap  lumber,  fittings,  pipe,  etc.,  should  be  stored 
where  they  will  be  least  likely  to  cause  accidents. 

Valve  stems  and  boxes  protruding  above  ground  should  be 
lowered  to  ground  level  or  have  guards  placed  around  them. 

Stakes,  etc.,  should  be  removed  where  practicable. 

Pipes,  stop-boxes,  fittings,  etc.,  should  be  securely  stacked. 

Danger  flags  and  lanterns  should  be  attached  to  guy  ropes 
at  face  level. 

Exposed  platforms  and  runways  should  be  well  drained  and 
kept  free  from  dirt,  ice  and  snow. 
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When  breaking  up  cast  iron  or  other  metals,  goggles  should 
be  worn. 

Railroad  frogs,  switches,  etc.,  should  be  blocked  to  prevent 
catching  workmen's  feet. 

Warning  signs  should  be  placed  at  railroad  crossings. 

Where  doorways  open  directly  on  railroads,  openings  should 
be  guarded  by  safety  bars  and  signs. 

Distribution  and  Commercial  Departments. 

Storeroom, — All  bins,  shelves,  and  other  storage  places 
should  be  equipped  with  risers  of  sufficient  height  to  keep 
material  from  falling  into  passageways,  and  care  should  be 
exercised  to  prevent  overfilling  bins.  The  contents  of  bins 
should  be  so  arranged  that  they  will  not  protrude  into  pas- 
sageways. 

Alleyways  between  bins  should  be  well  lighted  and  kept 
free  from  obstructions. 

Pointed  bars  or  tools  should  be  stored  in  proper  receptacles 
with  points  down.  Heavy  tools  should  be  stored  as  near  floor 
as  practicable. 

Appliances  such  as  water  heaters,  radiators,  etc.,  when 
stored  in  piles  should  be  stacked  securely  to  prevent  falling. 

Fixtures,  material,  tools,  etc.,  suspended  overhead  should 
be  made  secure  and  should  be  high  enough  to  aflford  ample 
head  room.  Hooks  should  be  used  instead  of  nails  for  sus- 
pending articles. 

Nails  should  be  removed  from  barrels  and  the  top  of  boxes 
before  unpacking. 

Material  should  not  be  stored  on  window  ledges.  Window 
openings  near  piles  of  material  should  be  guarded  by  wire 
mesh  screens  or  risers. 

Driveways. — Driveways  where  possible  should  be  guarded 
by  gates.  If  a  gate  is  impracticable,  a  sign  should  be  con- 
spicuously displayed,  warning  pedestrians  and  others  of  the 
existence  of  the  driveway. 

Motorcycles  should  not  be  ridden  across  footways  nor  into 
or  out  of  yards  and  buildings. 
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Horns  of  all  motor  vehicles  should  be  sounded  before 
vehicles  are  driven  across  footways.  The  local  rules  and 
ordinances  bearing  on  the  operation  of  motor  vehicles  should 
be  learned  and  observed. 

Garage  and  Stables, — Garage  floors  should  be  kept  as  free 
from  oils  and  grease  as  possible;  slippery  floors  should  be 
sanded  and  the  cause  removed  where  practicable. 

Oils,  gasoline,  etc.,  should  be  stored  in  a  separate  building 
away  from  garage  or  stable. 

Automobiles,  motorcycles,  other  power  driven  vehicles  and 
bicycles  should  be  regularly  inspected. 

All  motor  vehicles  should  be  equipped  with  lamps  and 
horns;  bicycles  with  lamps  and  bells.  Wagons  should  carry 
lamps. 

All  horses  and  mules  should  be  reasonably  safe  and  steady, 
and  should  be  in  charge  of  experienced  drivers  only.  If 
inclined  to  bite,  horses  should  be  muzzled;  if  inclined  to  kick 
or  run  away,  they  should  not  be  retained.  Horses  should  be 
securely  tied  or  weighted  when  left  alone. 

All  harness,  vehicles,  etc.,  should  be  regularly  inspected. 

No  smoking  or  use  of  exposed  flame  should  be  permitted  in 
or  around  garage  or  stable.  Signs  reading,  "Danger,  no  smok- 
ing, keep  fire  away,"  should  be  posted. 

Shops, — Cutting  and  other  tools,  fittings,  etc.,  should  not  be 
left  lying  around  where  persons  may  step  on  same. 

Gears,  belts,  pulleys,  band  and  circular  saws,  planers,  etc., 
should  be  guarded. 

Nails  should  be  kept  in  receptacles  and  not  allowed  to 
become  scattered  on  floor. 

Goggles  should  be  worn  where  there  is  a  danger  of  foreign 
matter  entering  eyes. 

Scrap  material  should  be  removed  and  not  permitted  to 
remain  on  floofs. 

Oil  cans,  files,  etc.,  should  be  kept  out  of  the  way  where 
persons  will  not  be  likely  to  fall  or  step  on  same. 
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Excavations  and  Trenches. — In  cutting  paving  or  pipe,  when 
chips  are  liable  to  fly,  canvas  or  other  shields  should  be  set  up 
along  footways.    Goggles  should  be  worn. 

Trenches  should  be  braced  or  shored,  or  the  sides  sloped  to 
lessen  the  likelihood  of  caving. 

Trenches  and  open  manholes  in  traveled  districts  should  be 
barricaded.  All  trenches  should  bear  danger  signs  by  day  and 
red  lights  by  night.  Lanterns  should  be  filled,  trimmed  and 
inspected  before  using. 

Paving  stones,  bricks,  etc.,  should  be  securely  piled  or 
stacked  and  should  be  kept  off  the  line  of  travel  except  when 
used  for  barricading. 

Tool  carts,  dirt  or  other  street  obstructions  should  be 
guarded  by  danger  signs  or  red  lights.  Tool  carts  should  be 
kept  off  highways  at  night  as  far  as  practicable. 

In  distributing  pipe  or  lamp  posts  along  streets  or  trenches 
before  laying,  care  should  be  taken  to  see  that  they  are 
secure  and  that  the  ends  do  not  extend  over  street  crossings 
into  roadways  or  footways. 

Inspections  of  newly  filled  trenches  should  be  made  from 
time  to  time  and  depressions  refilled. 

The  greatest  care  should  be  used  in  the  handling  of  dyna- 
mite, which  should  be  delivered  as  far  as  practicable,  in  the 
smallest  quantities  and  only  as  required. 

Miscellaneous. — When  cleaning  windows  from  out$ide  of 
building,  cleaners  should  wear  safety  belts. 

Safety  rubber  stops  should  be  placed  between  pairs  of 
sliding  elevator  doors  to  prevent  injury  to  operators'  hands. 

Pointed  desk  files  should  be  guarded  or  pointed  ends  bent 
over. 

Telephone  wires,  electric  fan  wires,  etc.,  should  not  be  strung 
across  floor  passageways. 

Stop  boxes  should  not  be  allowed  to  protrude  above  sur- 
rounding levels. 

Fitters,  Complaint' Men,  Meter  Readers,  etc. — Should  be- 
ware of  vicious  dogs  on  consumers'  property. 
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Should  see  that  openings  in  floors,  trap  doors,  cellar  doors, 
etc.,  used  by  them  are  either  closed  or  the  openings  guarded 
while  they  are  on  premises,  and  securely  closed  when  leaving. 

Should  see  that  meters  are  securely  supported. 

Should  test  out  all  gas  appliances  after  connecting. 

Should  report  all  leaks  immediately. 

Fitters  should  always  make  meter  and  housepipe  tests  after 
turning  on  gas,  to  guard  against  leaks  and  open  outlets. 

Condensation  should  not  be  left  on  consumers*  premises. 
If  spilled,  it  may  be  deodorized  with  vinegar. 

In  handling  condensation  employees  should  exert  utmost 
care  to  avoid  fire  or  explosion.  If  it  is  not  to  be  saved,  it 
should  be  burned  on  paper  in  the  open,  by  and  in  the  presence 
of  employee. 

Fire  should  never  be  used  to  thaw  out  a  frozen  pipe  or 
meter. 


The  Institute  News  has  been  publishing  monthly  contribu- 
tions from  our  Committee  in  the  forms  of  lists  of  "accidents 
which  might  have  been  prevented,"  with  precautionary  sugges- 
tions and  photographs  of  hazards. 

Safety  buttons  are  used  to  advantage  in  keeping  the  subject 
of  accident  prevention  before  employees  and  the  public.  After 
all  is  said  and  done,  it  is  the  prevention  spirit  that  accomplishes 
more  than  any  other  factor  towards  avoiding  accidents.  But- 
tons bearing  appropriate  slogans  help  to  stimulate  interest 
and  to  maintain  the  prevention  spirit. 

Our  Committee  advocates  the  use  of  safety  buttons  and 
suggests  that  the  one  reproduced  on  the  cover  of  this  report 
be  adopted  as  the  standard  for  gas  companies. 

It  is  the  thought  of  the  Committee  that  in  next  year's  work 
should  be  included  a  scheme  for  standardizing  accident  statis- 
tics, the  preparation  of  a  motion  picture  film  on  accident  pre- 


Digitized  by  VjOOQIC 


io8 


vention  and  the  compilation  of  a  standard  book  of  instructions 
on  First  Aid. 

In  closing,  the  Committee  wishes  to  express  appreciation  of 
the  help  given  it  by  members  of  the  Institute,  and  regret  and 
some  disappointment  over  the  lack  of  co-operation  evidenced 
by  several  of  the  larger  company  members.  The  Committee 
trusts  that  its  results,  incomplete  as  they  are,  will  be  useful 
to  all  and  will  serve  as  an  incentive  to  the  said  companies  to 
contribute  their  share  towards  the  success  of  the  new  com- 
mittee. 

Respectfully  submitted, 

Jas.  B.  Douglas,  Chairman, 

C.  M.  COHN, 

Wm.  McGregor, 
C.  E.  Reinicker, 
G.  O.  Smith, 
R.  E.  Slade, 

J.  W.  SCHAEFFER, 

H.  B.  HoYT. 


Addenda. 


The  data  from  which  the  following  analyses  were  made  was 
received  after  the  Committee's  report  went  to  print.  As  the 
data  refers  to  manufacturing  accidents  only,  it  could  not  have 
been  properly  included  in  the  main  analyses,  which  are  made 
up  of  the  general  run  of  cases  from  the  Manufacturing,  Dis- 
tribution and  Commercial  Departments  of  gas  companies.  To 
include  these  manufacturing  cases  in  the  main  analyses  would 
result  in  incorrect  averages. 

It  is  hoped  that  the  new  committee  will  obtain  reports  of 
the  distribution  and  commercial  accidents  from  the  same 
sources  for  corresponding  periods,  in  order  that  these  cases 
may  be  closed  into  the  general  analyses,  which  it  is  thought  the 
new  committee  should  continue.  An  "experience"  from  ten 
thousand  cases  is  desirable. 
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Causbs  op  Accidents  prom  Which  750  Casks  Resui,thd. 

No.  of  Per 

cases  cent. 

Leak  of  gas,  outside   

Leak  of  gas,  inside  

Animal  bites 2  0.26 

Machinery  in  normal  operation 35  4.67 

Elevators i  o.  13 

Explosions,  ignited  gas 21  2.8 

Falling  in  or  through  openings 28  3.73 

Hot  material 40  5.34 

Hangin^^  or  swinging  objects   18  2.4 

Protruding  objects 40  5.34 

Palling  objects 168  22.4 

Flying  particles    40  5.34 

'Vehicles   32  4.27 

Nails,  wires,  etc. 47  6.27 

Handling  material 62  8. 26 

Slipping  and  Tripping   80  10.66 

Hand  tools  used  by  injured 77  10.25 

Hand  tools  used  by  others    16  2.13 

Miscellaneous   43  5.75 

Totals 750  100.00 

Efpkcts  and  Anatomicai^  Distribution  op  Accidents  from 
WHICH  750  Cases  Resulted. 

No.  of  Per 

cases  cent. 

Illness  by  gas 

Strains 16  2.12 

Eye  injuries 36  4.80 

Fractures  or  sprains. 

Arms   9  1.20 

Feet 4  0.53 

Legs u  1.47 

Bones  of  body 8  1.06 

Bums. 

Body    4  0.53 

Face 13  1.75 

Limbs   38  5.06 

Contusiofts  or  lacerations. 

Toes 25  3.33 

Arms 30  4.00 

Face 36  4.80 

Head   95  12.70 

Body    56  7.48 

Legs 65  8.62 

Hands 63  8.40 

Peet 55  7.35 

Fingers 186  24.80 

Totals 750  100.00 
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Rei^ation  Bbtwbbn  742  Casks  and  Agbs  of  Injured. 

No.  of  Per 

cent. 

3.51 
16.85 

20.35 

14.4 

16.3 

11.85 

5.4 

5." 

2.4 

3.15 

0.67 

100.00 


15  to  20  years 26 

20  to  25     '*      125 

25  to  30     "      151 

301035     "      107 

35  to  40     "      121 

40  to  45     "      88 

45  to  50     •'      40 

50to55     ''     38 

55  to  60      *      18 

60  to  65     "      23 

65  to  70     **      5 

Totals 742 


Occupations. 
The  occupations  reported  in  749  cases  were  as  follows : 


No.  of 
cases 

Clerk I 

Wheelman i 

Gripman i 

Door-opener i 

Wagonsmith i 

Yardmaster  i 

Chemist i 

Watchman     i 

Drainman i 

Quencher i 

Store-keeper   2 

Weigher 2 

Blacksmith 2 

Coke  bagger 2 

Conductor    2 

Gas  maker 3 

Mud-mixer 3 

Stevedore 3 

Stableman   3 

Moulder   3 

Ironworker    3 

Electrician 5 

Gas-tender     5 

Mason 6 

Total 


No.  of 
cases 

Penciller 6 

Painter   6 

Charger 6 

Chainman 6 

Repairman 8 

Staudpipeman 9 

Brakeman 10 

Trackman 10 

Tarchaser 1 1 

Fitter 17 

Foreman 18 


oiler 

Motorman    

Fireman   

Driver 

Luter 

Carpenter 

Machinist 

Boilermaker 

Engineer 62 

Laborer 75 

Helper 77 

Trimmer 95 


18 
20 
25 
27 
34 
44 
54 
57 


749  cases 
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Mr.  J.  B.  Douglas  (Philadelphia)  :  Mr.  Chairman  and 
Gentlemen,  on  behalf  of  the  Committee  on  Accident  Preven- 
tion, I  am  very  glad  to  make  the  above  report.  When  our 
Committee  was  appointed  last  spring,  the  question  of  obtain- 
ing accident  reports  to  form  the  basis  of  analyses  of  causes 
and  effects  was  considered,  and  in  the  following  month  a 
circular  letter  was  sent  out  soliciting  answers  on  especially 
prepared  forms  which  the  Committee  arranged.  The  ans- 
wers to  that  letter  were  not  what  we  had  hoped  they  would 
be,  and  we  sent  out  an  additional  letter,  which  brought  us  in 
all  some  3,500  cases.  We  analyzed  those  3,500  cases  in  several 
ways,  the  principal  one  being  with  regard  to  causes  and  an- 
other relating  to  effects.  It  might  be  interesting  to  mention, 
in  going  over  this  hurriedly,  what  is  revealed  by  the  form  of 
"peaks."  You  will  notice  on  the  first  chart  that  the  peak  is 
due  to  the  use  of  hand  tools.  That  is  always  high  in  our  in- 
dustry, the  same  as  in  the  general  manufacturing  industry. 

The  slipping  and  tripping  hazard  you  will  notice  is  prom- 
inent, also  falling  objects,  giving  us  some  idea  of  the  points  to 
be  attacked,  to  be  looked  for  in  endeavoring  to  reduce  accident 
frequency.  I  might  mention,  gentlemen,  that  a  number  of 
companies  are  to-day  effecting  a  saving  of  from  15  to  50  per 
cent. ;  they  have  so  reduced  the  number  of  accidents  occurring 
annually  that  the  saving  in  estimated  and  actual  expense  has 
ranged  from  15  to  50  per  cent,  and  even  more  during  the 
first  year. 

The  second  schedule  of  effects  simply  shows  the  different 
portions  of  our  anatomy  to  bear  in  mind  when  subject  to  ac- 
cident hazard.  We  have  also  included  several  charts,  which 
I  think  are  rather  interesting,  although  I  do  not  know  just 
how  useful  they  are.  One  of  them  shows  the  relation  be- 
tween 1,112  cases  and  the  days  of  the  week.  You  will  notice 
that  the  peaks  are  very  generally  distributed.  I  might  men- 
tion, gentlemen,  that  these  figures  are  made  up  from  86 
sources  in  29  states,  giving  a  good  general  average.  The 
relation  between  cases  and  hours  of  the  day  I  think  is  rather 
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interesting.  It  has  some  bearing  possibly  on  the  fatigue 
hazard.  Turning  to  page  87,  you  will  notice,  taking  a  day, 
starting  at  7  o'clock,  that  there  is  a  gradual  rise  until  the  peak 
is  reached  around  10  o'clock;  and  assuming  that  work  would 
be  resumed  around  i  o'clock  in  the  afternoon,  you  will  note 
a  gradual  rise  until  the  peak  is  reached  at  about  4  o'clock. 
It  is  rather  curious,  I  think,  that  the  peak,  which  may  be  u. 
fatigue  peak,  should  be  reached  practically  the  same  number 
of  hours  after  beginning  and  resuming  work. 

You  will  also  notice,  on  page  88,  an  outline  of  the  relation 
between  1,095  cases  and  ages  of  the  injured.  It  is  also  sur- 
prising, I  think,  that  the  peak  in  those  cases  is  between  the 
ages  of  25  and  30,  giving  us  some  idea  of  the  men  on  whom 
we  should  niake  a  special  eflfort  to  impress  the  seriousness 
and  importance  of  accident  prevention  work.  On  page  89, 
you  will  notice  an  analysis  of  1,033  cases  has  been  made  by 
occupation.  It  indicates  that  in  attacking  this  problem  of 
prevention,  we  should  go  after  the  laborer  first,  who  leads 
with  a  total  of  314  accidents;  next  comes  the  fitter,  then  the 
helper,  and  then  the  foreman.  I  am  rather  surprised  that  as 
high  a  number  as  62  accidents  from  that  total  should  have 
occurred  among  foremen.  You  will  notice,  reading  on  down 
the  line,  the  general  order  in  which  those  cases  occur.  As  I 
stated,  marked  results  are  being  obtained  in  accident  pre- 
vention work,  the  greatest  probably  through  systematically 
following  out  and  tracing  up  the  causes  of  accidents  and  re- 
sorting to  organization  for  safety  endeavor.  I  want,  there- 
fore, to  read  to  you,  if  I  may,  what  we  have  said  regarding 
safety  organization:  "Co-operation  being  the  keynote  of 
success  in  preventing  accidents,  it  is  important  at  the  out 
start  to  enlist  the  interest  and  active  support  of  officers  and 
workmen.  This  interest  can  usually  be  aroused  through  a 
safety  rally,  at  which  the  plan  and  scope  of  the  work  should 
be  pointed  out  by  the  manager  or  superintendent."  In  work- 
ing this  out,  we  have  endeavored  to  provide  a  committee  which 
should  take  care  of  the  average  company.     Of  course,  it  will 
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have  to  be  modified  to  suit  the  company,  large  or  small.  On 
page  90  we  say :    "The  organization  to  consist  of : 

"(a)  General  Safety  Committee  or  Department; 

"(b)  Employees'  Safety  Committee. 

"Committees  to  be  constituted  as  follows: 

"(a)  The  General  Safety  Committee  to  consist  of  a  Chair- 
man, appointed  by  the  President  or  General  Superintendent, 
a  safety  inspector,  and  three  other  members  appointed  by  the 
Chairman. 

"(b)  The  Employees'  Safety  Committee  to  consist  of  a 
Chairman,  who  should  be  the  Manager  or  Superintendent,  or 
his  assistant,  and  three  members,  appointed  by  the  Chairman, 
from  the  manufacturing,  distribution  and  commercial  depart- 
ments." 

The  idea  is  to  interest  the  several  departments  as  much 
as  possible  in  the  work. 

"The  duties  of  the  General  Committee  should  be  to  consider 
recommendations  of  the  Employees'  Committee,  and  to  issue 
instructions  bearing  on  accident  prevention  to  the  several  de- 
partments. The  General  Committee  should  have  full  author- 
ity over  the  Employees'  Committee.  It  should  meet  at  least 
once  a  month,  compile  and  issue  information  of  interest,  and 
devise  ways  and  means  of  keeping  employees  alive  to  the  im- 
portance of  exercising  care  in  their  work. 

"The  duties  of  the  Employees'  Committee  should  be  mainly 
to  make  weekly  inspections  of  the  shops  and  plants,  and  to 
refer  to  the  General  Committee  such  recommendations  as  seem 
sound  and  involve  expenditures  above  a  limit  to  be  set  by  the 
General  Committee.  The  Employees'  Committee  should  re- 
ceive accident  prevention  information  from  the  General  Com- 
mittee and  spread  it  among  fellow  employees.  The  Employ- 
ees' Committee  should  meet  with  the  safety  inspector  at  such 
convenient  times  as  are  designated  by  him.  New  cases  and 
hazards  should  be  gone  over  thoroughly  and  prevention  work 
and  ideas  discussed  at  such  meetings.  Special  joint  meetings 
of  the  committees  should  be  called  promptly  in  the  event  of  a 
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serious  accident  of  peculiar  interest,  to  consider  measures  to 
avoid  recurrence. 

"Changes  in  the  personnel  of  the  Employees'  Committee 
should  be  made  from  time  to  time  by  the  manager  or  superin- 
tendent in  order  to  inform  the  employees  about  accident  pre- 
vention work  and  widen  their  interest. 

"Wherever  the  size  of  the  company  will  permit,  it  is  thought 
advisable  to  form  additional  Safety  Committees  in  each  de- 
partment or  plant. 

"Where  the  plan  is  carried  out  as  suggested,  it  is  believed 
that  gratifying  results  will  demonstrate  the  advisability  of 
continued  systematic  efforts  towards  the  prevention  of  acci- 
dents." 

On  page  91,  continuing: 

"In  addition  we  have  made  up  a  list  of  precautions  intended 
to  prevent  accidents  in  the  several  departments  of  a  gas  com- 
pany. Owing  to  the  limited  time  at  our  disposal  and  the  fact 
that  our  'meetings'  have  been  carried  on  by  correspondence, 
we  have  endeavored  to  confine  our  work  to  suggesting  every 
day  safety  rules  and  precautions." 

I  might  emphasize,  gentlemen,  that  we  tried  to  be  very 
careful  not  to  go  into  matters  of  operation,  which  might  con- 
flict with  the  work  of  some  of  our  other  committees. 

Our  experience  has  shown  that  the  majority  of  accidents 
are  due  to  simple  little  hazards,  such  as  you  will  note,  if  you 
have  time  to  look  this  report  over,  and  not  to  serious  mechan- 
ical or  other  defects  or  serious  errors  in  operation. 

Now,  we  have  listed  here  a  number  of  pages  of  general  pre- 
cautions, which  should  be  useful,  I  think,  in  the  gas  industry 
in  combating  the  accident  hazards. 

The  President:  All  of  them  based  on  practical  experi- 
ence? 

Mr.  J.  B.  D0UGI.AS:  The  majority,  in  fact,  I  think  all  of 
these  suggestions  are  based  on  an  experience  with  accident 
reports,  accidents  that  have  actually  occurred;  and  as  I  men- 
tioned earlier,  the  majority  of  these  cases  showed  very  clearly 
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that  there  was  no  serious  mechanical  defect  or  serious  error 
in  operation.  As  you  will  notice,  by  referring  to  the  charts, 
the  majority  of  the  cases  were  due  to  simple  causes.  In  the 
majority  of  cases,  prevention  would  not  even  mean  the  expen- 
diture of  any  money  whatever.  Pages  91,  92,  93,  94,  95  and 
96  cover  general  precautions  referring  to  elevators,  passage- 
ways, floorings,  stairways,  scaffolding,  overhead  footways,  etc. 
In  connection  with  the  heading  scaffolding,  at  times  scrap 
lumber  is  used,  and  this  frequently  has  resulted  in  accidents, 
the  scaffolding  being  insecure  and  poorly  put  together.  You 
will  notice,  on  page  93,  we  have  drawn  attention  to  this  par- 
ticular cause  of  scaffolding  accidents.  Then  we  take  up  lad- 
ders, and  give  some  suggestions  as  to  how  they  should  be 
equipped,  straight  ladders  to  be  equipped  with  hooks,  safety 
spurs  or  feet,  all  ladders  to  be  regularly  inspected,  etc.  I  want 
to  draw  attention  to  the  fact  that  ladders,  which  should  be  dis- 
carded, arc  not  always  discarded;  in  fact,  in  the  majority  of 
instances,  broken  and  defective  ladders  are  allowed  to  remain 
where  they  are  likely  to  get  into  use.  It  would  seem  that  the 
very  best  place  to  put  a  ladder  which  is  beyond  repair  is  under 
the  boilers,  where  it  will  be  immediately  destroyed. 

Then  we  take  up  glass,  (broken  window  lights)  loose  bricks, 
etc.  Falling  objects,  you  will  remember,  made  one  of  the 
peaks  in  the  chart  to  which  I  draw  attention,  and  of  course 
loose  bricks  and  objects  of  that  kind  will  come  under  that 
classification,  and  loose  copings,  for  instance;  objects  blown 
from  roofs,  if  they  strike  an  employee,  unusually  cause  a 
pretty  serious  accident. 

On  page  95  we  take  up  gates,  doors.  "Gates  fronting  on 
roads  or  footways  should  be  hung  so  as  to  slide  or  swing  in. 
Periodical  inspections  should  be  made  of  hinges,  tracks  and 
carriers."  We  have  found  that  where  gates  swing  out  over 
footways,  they  are  likely  to  strike  pedestrians ;  usually  the  head 
is  involved,  and  in  case  a  claim  is  made  by  one  of  the  public, 
the  injury  is  likely  to  appear  more  serious  than  it  would  be  if 
it  were  to  an  employee,  and  the  cost  is  always  greater. 
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We  go  next  to  covers,  oils,  entrances.  "Entrances  to  yards 
should  be  kept  closed  or  guarded.  Outsiders  should  be  ad- 
mitted only  on  permission  of  proper  authorities.  Children, 
especially,  should  be  kept  out."  That  is  very  important.  The 
yards  of  some  plants  are  not  fenced,  and  serious,  even  fatal 
accidents,  have  occurred  to  trespassers — children  who  have 
gone  in,  for  instance,  and  tried  to  climb  holders.  You  will 
notice  the  subject  of  "slogans"  at  the  bottom  of  page  96,  sug- 
gestions which  can  be  used  to  advantage;  and  on  page  98 
you  will  see  some  danger  signs  reproduced.  As  to  these 
danger  signs,  I  have  made  arrangements  for  the  Secretary  so 
that  you  may  be  able  to  obtain  these  signs,  printed  on  heavy 
stock  paper,  at  cost  or  less  than  cost,  through  several  of  our 
sister  associations — 50  cents  a  dozen.  (Showing  samples 
of  signs.) 

Then  we  take  up  corresponding  precautions  in  the  manu- 
facturing, distribution  and  commercial  departments. 

The  Committee  has  received  from  The  United  Gas  Improv- 
ment  Company  a  set  of  accident  prevention  slides  which  have 
been  successfully  used  in  employees'  meetings.  If  there  is 
time  to  do  it  after  the  meeting  this  morning,  I  should  be  very 
glad  to  show  those  slides  before  the  Convention.  It  is  hoped 
that  the  slides  will  be  secured  from  the  Secretary,  from  time  to 
time  throughout  the  year,  and  that  they  will  i>rove  useful  in 
the  general  work  of  accident  prevention.     (Applause.) 

The  President:  As  Mr.  Douglas  has  stated,  before  you 
go  to  lunch,  he  will  be  able  to  present  those  slides  immediately 
after  the  morning  business  is  finished.  This  report  bears  evi- 
dence of  a  great  deal  of  careful  work,  a  great  deal  of  careful 
analysis.  Every  large  company  and  almost  all  of  the  moderate 
sized  companies,  and  most  small  companies  spend  money  to- 
wards guarding  against  accidents.  I  recall  one  company  in 
which  the  amount  of  money  that  was  spent  as  the  result  of  the 
regular  inspections  was  saved  for  the  two  following  years  in 
the  cost  of  accidents.     It  may  be  a  coincidence,  but  it  was  a 
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rather  striking  one.  What  is  your  pleasure,  gentlemen,  with 
regard  to  this  report? 

Mr.  Walton  Forstall  :     I  move  the  adoption  of  the  report. 

The  motion  was  seconded  and  carried. 

Mr.  J.  B.  Klumpp  (Philadelphia)  :  Mr.  Chairman,  I  thor- 
oughly approve  of  the  work  being  done  by  the  Accident  Pre- 
vention Committee,  but  I  think  that  the  future  work  of  this 
Committee  should  be  subjected  to  the  supervision  and  approval 
of  the  Public  Relations  Committee.  I  do  not  mean  that  they 
should  report  directly  to  our  Committee,  but  should  report  as 
heretofore  to  the  Technical  Committee.  I  believe  that  there 
are  certain  features  of  their  recommendations  that  might  bear 
modification  before  being  approved  and  adopted  by  the  Insti- 
tute. 

There  are  several  States  in  which  the  "Safety  First"  prin- 
ciple is  being  considered  in  construction  legislation,  and  certain 
acts  and  bills  are  being  taken  up  which,  if  embodied  in  regu- 
latory measures,  will,  to  some  extent,  hamper  the  operation 
of  our  properties  and  restrict  the  occupation  of  our  engineers. 
One  State  is  considering  registering  and  licensing  all  engineers 
before  they  are  allowed  to  do  business.  Such  a  measure  is 
generally  considered  unnecessary  and  is  opposed  generally  by 
the  profession.  These  measures  are  directly  a  product  of  the 
"Safety  First"  and  "Efficiency  Engineering"  campaigns. 

I  had  several  discussions  with  our  confreres  on  the  "Safety" 
subject,  and  my  opposition  brought  me  a  post-card  which  read 
"Don't  Kid  About  'Safety  First'— You  May  Be  the  Goat,"— 
and  I  was  the  "goat,"  or  one  of  the  "herd."  I  had  to  go  before 
a  Commission  and  present  an  argument  for  the  gas  men  of  that 
State,  in  opposition  to  the  "Registering  and  Licensing"  bill. 

So  in  the  future  I  believe  the  Public  Relations  Committee 
should  have  an  opportunity  of  passing  upon,  and  approving, 
any  reports  of  the  Committee  on  Accident  Prevention,  before 
they  are  adopted  by  the  Institute. 

Mr.  J.  B.  Douglas  (Philadelphia) :  Mr.  President,  the 
Accident  Prevention  Committee,  I  think,  has  rather  been  under 
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the  wing  of  the  Technical  Committee.  It  likes  the  Technical 
Committee  very  much;  the  association  has  been  pleasant,  but 
it  might  be  very  advisable  to  follow  out  the  suggestions  that 
Mr.  Klumpp  has  made.  There  are  State  laws  being  advanced 
throughout  the  country,  laws  and  ordinances  referring  to  the 
different  structures  that  have  more  or  less  to  do  with  the 
causes  of  accidents,  and  it  is  certainly  very  important  that  they 
be  followed  out.  I  know  in  our  own  city  we  had  an  accident 
prevention  committee,  and  a  number  of  opportunities  have 
been  afforded  the  manufacturers  to  avoid  rules  and  regulations 
that  are  impracticable. 

Mr.  Walton  Forstall  :  I  should  like  to  amend  the  motion 
that  I  made:  That  the  report  of  the  Committee  on  Accident 
Prevention  be  adopted,  and  that  the  appointment  of  a  new 
Committee  on  Accident  Prevention  be  recommended  to  the 
Committee  on  Public  Relations. 

Capt.  William  E.  McKay:  Under  the  Constitution  that 
we  adopted  to-day,  we  continued  that  provision  which  desig- 
nates, as  the  duty  and  privilege  of  the  President,  to  determine 
to  what  Committee  to  assign  any  work.  Therefore,  I  do  not 
think  that  any  specific  action  is  either  necessary  or  desirable  as 
to  designating  the  Committee  to  which  this  Sub-committee 
should  report.  Mr.  Douglas's  Committee  work  falls  within 
the  care  of  the  Technical  Committee.  I  hope  that  Mr.  Forstall 
will  modify  his  motion  and  accept  the  report,  with  the  thanks 
of  the  Institute,  and  allow  the  incoming  administration  to 
continue  the  work  as  it  sees  fit. 

Mr.  R.  M.  Searle  (Rochester,  N.  Y.)  :  I  should  like  to 
direct  the  attention  of  the  Institute  to  the  question  of  whether 
safety  first  as  now  carried  on  throughout  the  country  is  being 
sufficiently  impressed  upon  the  employee  as  to  his  individual 
responsibility  by  his  discharge  when  he  has  an  accident? 
"Safety  First"  to-day  has  gotten  to  be  a  fetish  that  has  very 
largely,  in  our  own  organization  at  home,  become  what  I 
think  is  "hot  air."  The  men  have  so.  much  of  it  that  they  are 
beginning  to  feel;  What's  the  use? — In  fact,  one  of  our  fore- 
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men  made  the  statement  that  an  operator  we  had  in  our  or- 
ganization said  that  the  company  did  not  give  any  credit  to  a 
man  whether  he  had  an  accident  or  whether  he  did  not  have 
accidents,  when,  as  a  matter  of  fact  that  very  day  he  had 
been  given  credit  in  discussion  and  recommendation  to  raise  his 
wages  for  it.  This  shows  the  lack  of  co-operation  or  sympathy 
on  the  part  of  the  individual. 

In  railroad  traffic,  when  a  man  has  an  accident  with  his 
train,  he  is  never  allowed  to  take  out  a  train  again.  You 
can  readily  see  the  reason,  and  it  seems  to  me  that  there  ought 
to  be  a  standard  of  punishment  for  the  man  who,  by  his 
thoughtlessness,  inflicts  terrible  suffering  upon  his  fellow  be- 
ings. The  fact  that  he  has  served  the  company  for  years 
should  make  no  difference. 

We  had  a  case  where  at  i  o'clock  in  the  morning  an  au- 
tomobile chauffeur,  a  Scotchman,  a  line  inspector,  who  operates 
his  own  machine,  happened  to  meet  an  intoxicated  man,  who 
now  brings  an  accident  suit  against  the  Company  for  $15,000 
— and  I  presume  he  would  settle  that  case  for  a  considerable 
sum,  but  this  Scotchman  had  had  his  regular  glass  of  ale  before 
he  left  home  and,  although  he  had  never  been  intoxicated,  so 
far  as  we  know,  during  his  19  years  of  employment,  the  Cor- 
oner and  the  Police  Officers  say  to-day  that  they  will  not 
testify  that  this  man  was  not  drunk,  because  his  breath  smelled 
of  liquor.  There  was  a  man  accustomed  to  climbing  poles, 
handling  hot  wire  and  driving  an  automobile,  and  a  drunken 
man  stepped  in  front  of  his  auto,  got  knocked  down  and  was 
very  severely  injured,  but  there  was  the  Coroner  and  the 
Police  Sergeant  who  will  not  go  on  the  stand  and  testify  that 
the  man  was  not  drunk  because  they  smelled  alcohol  on  his 
breath.  Doesn't  it  seem,  if  we  are  going  to  be  punished  to  the 
tune  of  $25,000  or  $30,000  a  year  in  a  large  organization  for 
accidents  of  that  kind,  that  we  have  got  to  direct  our  attention 
to  the  man  who  does  drink  liquor — notwithstanding  the  fact 
that  the  executive  officers  do?  The  difficulty  is  this.  Take 
an  individual  man  in  an  analysis  such  as  Mr.  Douglas  has 
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made,  you  will  find  that  there  are  certain  men  who  are  either 
the  cause  of  or  have  more  accidents  happen  to  them  than  any 
other  men;  and  frequently,  out  of  icx)  accidents,  it  may  be 
either  by  direction  or  indirection,  20  of  them  are  caused  by 
one  individual  man.  That  man  ought  to  be  discharged,  I  don't 
care  if  he  has  been  with  you  20  years;  he  simply  will  not  stop 
having  accidents.  If  he  is  going  to  continue  to  inflict  upon  his 
fellow  beings  terrible  punishment  by  his  thoughtlessness,  he 
should  be  severely  dealt  with.  I  want  to  bring  to  the  notice 
of  the  Institute  that  it  seems  to  me  we  have  gone  as  far  as  we 
can  in  humane  leniency  toward  our  men,  who  do  not  ap- 
preciate the  responsibility  that  rests  upon  them  in  the  con- 
servation of  human  life  and  prevention  of  human  suffering. 
(Applause.) 

The  President:  Gentlemen,  we  will  have  to  dose  this 
discussion.  All  those  in  favor  of  the  motion  to  accept  the 
report  of  the  Committee  will  please  say  aye.  (Ayes.)  Con- 
trary.    (No  response.) 

The  President:  I  will  now  call  on  Mr.  C.  C.  Tutwiler, 
Chairman  of  the  Committee  on  Exhibits.  I  think  it  is  neces- 
sary that  he  should  explain  a  few  of  the  ideas  that  he  has  in 
mind. 

Mr.  Tutwiler  then  read  the  report  of  the  Committee  as  fol- 
lows: 

REPORT  OF  COMMITTEE  ON  EXHIBITS. 
The  Committee  on  Exhibits  acting  under  somewhat  general 
instructions  felt  that  the  wishes  of  the  Institute  would  be 
carried  out  if  an  opportunity  was  extended  to  all  manufac- 
turers of  apparatus,  equipment,  and  other  material  used  in 
the  industry,  to  participate,  the  exhibits  being  limited  to  ap- 
paratus, appliances  and  material  possessing  distinctively  novel 
features  which  had  not  previously  been  brought  to  the  atten- 
tion of  the  members  of  the  Institute.  To  this  end  the  Com- 
mittee sent  out  a  circular  letter  to  practically  all  advertisers  in 
the  American  Gas  Light  Journal,  The  Gas  Age,  and  The  Gas 
Record,  and  also  to  a  number  of  advertisers  in  the  Journal  of 
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Industrial  and  Engineering  Chemistry,  and  to  others  who  were 
known  to  the  Committee  or  whose  nannes  were  suuggested  to 
them,  inviting  them  to  present  for  the  consideration  of  the 
Committee  a  description  of  any  apparatus,  appliances  or 
material  which  in  their  opinion  possessed  features  of  novelt}' 
which  had  been  developed  within  the  past  year,  or  which  had 
not  been  previously  brought  to  the  attention  of  the  Institute. 
Many  failed  to  respond  and  a  few  exhibits  offered  failed  to 
measure  up  to  the  requirement  of  the  Committee.  We  have, 
however,  accepted  about  40  individual  exhibits  which  make 
up  the  Technical  Exhibit  shown  on  the  ground  floor  of  this 
building.  We  have  endeavored  as  far  as  possible  to  eliminate 
all  commercial  features  and  exhibitors  have  therefore  been 
prohibited  from  having  representatives  present  or  from  dis- 
tributing advertising  matter  or  samples  in  connection  with  the 
exhibit.  They  were,  however,  requested  to  prepare  a  card  of 
suitable  size  briefly  describing  their  exhibit  and  giving  .an  ad- 
dress at  which  further  information  could  be  secured.  In  some 
cases  it  may  be  found  that  the  description  given  is  not  suf- 
ficient to  fully  explain  the  exhibit ;  in  others  the  exhibitor  has 
misinterpreted  the  instructions  given  in  preparing  this  card, 
and  has  combined  in  a  full  description  matter  of  an  advertis- 
ing nature,  which  could  not  be  eliminated  at  the  last  moment. 

It  should  be  understood,  therefore,  that  the  exhibit  is  in- 
tended to  be  entirely  scientific  in  its  character,  to  show 
material  designed  v/ithin  the  last  year  or  possessing  novel 
features  which  have  not  been  before  brought  to  the  attention 
of  the  Institute.  It  is  possible  that  some  of  the  exhibits  do  not 
measure  up  to  the  standard  and  there  is  no  doubt  that  there  is 
existant  some  material  which  the  Committee  would  have  been 
glad  to  show,  but  which  was  not  brought  to  its  attention. 

We  have  endeavored,  however,  to  place  all  exhibitors  on  pre- 
cisely the  same  footing,  and  it  should  perhaps  be  said  that 
while  the  fact  that  a  given  piece  of  apparatus  or  material  was 
accepted  for  exhibit  does  not  necessarily  carry  with  it  the  en- 
dorsement of  the  Institute,  at  the  same  time  it  is  hoped  that 
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the  exhibitor  will  see  in  its  acceptance  an  appreciation  of  merit 
which  it  is  a  desire  of  the  Institute  to  encourage. 

C.  C.  TuTwiLER,  Chairman, 
Geo.  S.  Barrows, 
C.  O.  Bond, 
A.  C.  Howard, 
H.  B.  McLean, 

J.  M.  MOREHEAD, 

C.  J.  Ramsburg. 

The  President:  I  think  there  is  no  action  required  on 
that.  The  statement  Mr.  Tutwiler  has  made  is  sufficient.  The 
idea  of  this  exhibit  was  that  it  is  not  intended  to  encroach  on 
the  idea  that  the  Institute  should  not  have  a  general  exhibit 
of  any  kind,  but  it  was  thought  by  some  gentlemen  it  was  not 
wise,  when  we  come  here  together,  to  miss  the  opportunity 
of  having  people  show  us  what  are  the  latest  ideas  in  the  way 
of  apparatus. 

The  next  on  the  program  is  the  report  of  the  Conmiittee  on 
Pipe  Standards,  to  be  presented  by  Mr.  W.  Cullen  Morris,  of 
New  York. 

REPORT  OF  THE  COMMITTEE  ON  PIPE 
STANDARDS. 

The  Institute,  in  October,  191 1,  adopted  standard  dimen- 
sions for  bell  and  spigot  cast  iron  pipe  and  special  castings, 
and  in  October,  191 2,  standard  dimensions  for  flanged  cast 
iron  pipe  and  special  castings.  In  October,  1913,  the  stand- 
ardization of  these  castings  was  completed  by  the  adoption  of 
standard  specifications  to  govern  their  manufacture.  There- 
fore, your  Committee  had  before  it  this  year  no  constructive 
work,  but  merely  the  duty  of  advertising  the  new  standards 
as  completely  as  possible.  This  they  have  done  by  publishing 
them  in  a  pamphlet  of  convenient  size,  of  which  over  5,000 
copies  have  now  been  distributed  among  users  and  manu- 
facturers. 
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To  a  circular  sent  to  the  principal  founders,  replies  have 
been  received  to  the  effect  that  all  renewals  of  patterns  are 
being  made  according  to  the  new  standards.  There  is,  there- 
fore, every  reason  to  believe  that  within  a  very  few  years  these 
standards  will  be  in  universal  use  for  gas  work. 

As  questions  are  apt  to  arise  from  time  to  time  connected 
with  the  new  standards,  your  Committee  recommends  that 
the  next  Technical  Committee  appoint  a  sub-committee  to 
care  for  these  matters. 

W.  CuLLEN  Morris,  Chairman, 

L.  R.  Lemoine, 

Walton  Forstall. 

Mr.  Walton  Forstall:  I  move  the  adoption  of  the  re- 
port. 

The  motion  was  seconded  and  carried. 

The  President  :  Now,  there  is  one  other  matter.  Is  Mr. 
Curran  in  the  room?  (No  response.)  We  are  very  sorry 
that  we  could  not  have  the  opportunity  of  having  the  gentle- 
man who  has  prepared  the  Uniform  System  of  Accounting 
get  up  and  talk  for  a  few  moments,  so  that  he  could  receive 
the  high  praise  that  is  due  to  the  Committee.  We  are  ready, 
however,  to  pass  that  over  since  we  have  the  report,  which  I 
consider  one  of  the  most  important  achievements  of  this  year. 
That  the  system  of  accounts  is  ready  for  distribution  has  been 
made  known  in  the  Gas  Institute  News.  Will  the  Secretary 
read  the  report  of  the  Committee? 

The  Secretary  then  read  the  report  of  the  Committee  as  fol- 
lows : 

REPORT  OF  THE  COMMITTEE  ON  UNIFORM 
SYSTEM  OF  ACCOUNTING. 

Your  Committee,  appointed  to  revise  and  compare  the  Uni- 
form System  of  Accounting  adopted  in  1902  by  the  American 
Gas  Light  Association  with  systems  of  accounting  in  use  by 
the  several  State  Utility  Commissions,  having  presented  its 
report,  which  was  adopted  unanimously  by  your  Board  of 
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Directors  at  meeting  held  September  lo,  1914,  in  accordance 
with  authority  granted  the  Board  at  annual  meeting  of  the 
Institute  held  October  14,  1913,  now  requests  its  discharge. 
Respectfully, 

Lewis  Lillie,  Chairman, 

S.  J.  Glass, 

H.  M.  Brundage, 

M.  W.  Stroud, 

G.   W.   CURRAN. 

Mr.  W.  R.  Addicks:  I  should  like  to  move  a  vote  of 
thanks  to  that  Committee,  and  using  Dr.  Humphreys  words,  it 
should  not  be  perfunctory.  I  appreciate  the  very  great  diffi- 
culty and  very  great  delicacy  required  in  handling  the  matter 
placed  before  them.  As  a  matter  of  fact,  it  was  a  period  of 
two  years  before  they  reached  a  final  conclusion,  which  illus- 
trates the  difficulties  under  which  they  labored.  The  matter 
having  been  already  accepted  by  the  Board,  by  authority  of 
the  Institute  last  year,  requires  no  action  but  an  action  of 
this  kind.     I  make  that  motion. 

Dr.  Alexander  C.  Humphreys  :     I  second  it. 

The  President:  Gentlemen,  you  have  heard  the  motion. 
All  those  in  favor,  will  please  say  aye.  (Ayes.)  Contrary,  no. 
(No  response.)     It  is  so  ordered. 

We  are  through  with  the  program  for  the  morning  and  the 
time  for  adjournment  is  at  hand.  I  want  to  say  again  what 
I  said  a  few  moments  ago:  The  registration  shows,  I  think 
Mr.  Robison  told  us,  more  than  500. 

The  Secretary  :    Yes. 

The  President:  More  than  500  members  of  the  Institute 
have  registered,  and  for  the  present  at  least  there  are  not  500 
men  in  this  room,  and  I  greatly  fear  that  unless  you  gentle- 
men take  the  matter  seriously  there  will  be  the  same  small 
proportion  in  the  sectional  meetings  that  will  follow  to-day 
and  to-morrow.    That  would  be  very  unfortunate.    The  ques- 
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tion  of  having  4  sectional  meetings  is  one  that  will  be  tried 
out  now  for  the  first  time.  1  particularly  call  your  attention 
to  the  Illuminating  Section,  because  it  seems  to  me  very 
evident  that  the  American  Gas  Institute,  dealing  with  that 
sort  of  illuminant  that  is  more  commonly  used  than  any 
other  in  the  country,  should  not  allow  its  sessions  to  go 
by  without  paying  some  special  attention  to  illumination.  The 
members  of  the  gas  industry  in  the  Illuminating  Engineering 
Society  perform  a  very  prominent  and  very  important  part, 
and  why  they  should  devote  their  energies  to  the  Illuminating 
Engineering  Societies  and  neglect  the  American  Gas  Institute, 
is  something  that  I  cannot  understand.  It  has  been  a  fad  of 
mine  to  have  them  form  an  illuminating  section  this  year.  I 
found  one  or  two  gentlemen  who  said  that  the  thing  will  not 
work  out.  It  was  due  solely  to  the  fact  that  the  gentlemen 
who  made  that  remark — very  excellent  in  their  own  specialized 
line — are  not  acquainted  with  the  wonderful  amount  of  data 
and  information  that  has  been  collected  by  engineers  in  the 
Institute  who  have  specialized  in  illumination,  and  so  do  not 
understand  how  we  could  have  a  successful  meeting.  The 
Illuminating  Section  is  under  the  able  management  of  Mr.  C. 
O.  Bond,  past  president  of  the  Society  of  lUiuninating  Engi- 
neers. Mr.  Bond  will  no  doubt  have  enough  to  attract  your 
attention  if  you  will  put  in  your  time  in  that  Section.  There- 
fore I  ask  you  to  come  to  these  sectional  meetings  promptly 
so  that  they  can  start  at  once.  The  business  that  they  have  on 
hand  as  indicated  in  these  papers  is  very  large,  so  do  not  let 
us  have  any  comment  that  sectional  meetings  will  not  do,  be- 
cause the  people  won't  attend.  In  that  connection,  I  would 
say  also  that  the  Committee  on  Arrangements  has  purposely 
left  out,  too  many  distracting  features  of  entertainment,  to 
allow  the  members  to  go  to  the  meetings,  and  so  put  in  the 
time  in  the  way  in  which  they  would  get  the  most  results. 

The  President:    The  session  is  adjourned. 

Adjourned,  12.35  P-  ^*- 
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INSTITUTE  MEETING. 

Morniiig  SaMioii,  FricUj,  October  23. 

W.  H.  GartlEy^  President: 

George  G.  Ramsdell,  Secretary. 

President  Gartley  called  the  meeting  to  order  at  lo  a.  m. 

We  will  hear  the  report  on  the  President's  Address.     I  will 
ask  Mr.  Walton  Forstall  to  take  the  chair. 

Mr.  a.  S.  Miller: 
REPORT  OF  COMMITTEE  ON  THE  PRESIDENT'S 

ADDRESS. 

Your  Committee  wishes  to  point  out  and,  as  far  as  possi- 
ble, emphasize  the  careful  study  that  has  been  made  by  our 
President  of  our  Institute,  and  our  industry.  The  results  of 
this  study  are  shown  in  his  address,  and  we  recommend  its 
most  careful  perusal  to  all  who  have  the  interest  of  the  Insti- 
tute and  the  industry  at  heart.  That  ovu*  President  realized 
this  his  responsibilities  ran  far  beyond  perfunctory  recom- 
mendations is  shown  by  the  fact  that  many  of  the  suggestions 
have  already  been  carried  out  or  made  possible  by  the  changes 
in  the  Constitution  adopted  at  this  meeting.  One  of  the 
changes  in  the  Constitution  provides  for  an  increase  in  the  in- 
come of  the  Institute  that  should  make  it  possible  to  secure 
the  much  needed  increase  in  office  facilities. 

We  recommend  this  subject  to  the  consideration  of  the 
Board  of  Directors. 

We  reconunend  to  the  members  of  the  Institute  the  approval 
of  the  movement  now  under  way  to  publish  reports  of  the  de- 
cisions of  the  various  Public  Utility  Commissions ;  and  to  that 
end,  we  offer  for  your  consideration,  and,  we  hope,  your 
adoption,  the  following  resolution: 

Whereas  the  large  number  of  Public  Service  Commis- 
sions having  jurisdiction  over  gas  interests  in  the  United 
States  makes  it  desirable  that  the  decisions  of  such  Commis- 
sions be  adequately  reported,  indexed  and  digested  in  order 
that  the  same  may  be  made  available. 

And   Whereas  The   Gas   Institute   records   its  apprecia- 
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tion  of  efforts  being  made  to  secure  such  reports.    It  is  there- 
fore. 

Resolved,  That  any  movement  now  under  way  to  encour- 
age publication  of  such  reports,  which  may  be  satisfactory 
to  the  Public  Relations  Committee,  be  approved  and  encour- 
aged, and  that  the  Gas  Institute  recommends  that  all  members 
of  the  Institute  and  all  companies  subject  to  the  jurisdiction 
of  such  commissions  support  such  movement  by  subscription 
to  such  reports. 

Alten  S.  Miller, 
Edward  G.  Cowdery, 
J.  Arnold  Norcross. 

The  Acting  President:  Gentlemen,  you  have  heard  the 
report  of  the  Committee  on  the  President's  Address.  The 
Chair  will  entertain  a  motion  for  the  adoption  of  the  report, 
and  after  that  is  made,  discussion  on  the  report  will  be  in 
order. 

Mr.  C.  E.  Reinicker:  I  move  that  the  report  presented  by 
the  Committee  on  the  President's  Address,  be  accepted. 

(Motion  seconded.) 

The  Acting  President  :  Does  anyone  wish  to  discuss  the 
motion?  If  there  is  no  discussion,  we  will  take  a  vote  on  the 
question.     (Motion  carried.) 

Mr.  a.  S.  Miller:  Does  that  carry  the  resolution  of  the 
Conmiittee? 

The  Acting  President:  The  Chair  rules  that  it  carries 
the  recommendation  of  the  Committee. 

(Acting  President  Forstall  surrenders  the  gavel  to  President 
Gartley.) 

The  President:    Is  the  report  of  the  General  Committee 
on  the  International  Gas  Congress  ready? 
REPORT  OF  THE  COMMITTEE  ON  INTERNATIONAL 
GAS  CONGRESS. 

Secretary  Ramsdell:  The  report  has  not  been  written, 
but  the  principal  actions  taken  yesterday  can  be  reported  ver- 
bally at  this  time. 


Digitized  by  VjOOQIC 


128 


n 


The  General  Committee  on  International  Gas  Congress 
elected  Dr.  A.  C.  Humphreys  President  of  the  Gas  Congress, 
and  also  decided  that  the  Presidents  of  the  various  Gas  Asso- 
ciations who  send  del^ates  to  attend  the  Congress,  will  be 
appointed  Vice-Presidents. 

It  was  also  decided  to  start  a  campaign  or  canvass  as  early 
as  possible,  in  an  endeavor  to  find  out  how  many  will  go  to  the 
Congress.  The  matter  of  papers  and  programs  was  left  en- 
tirely in  the  hands  of  the  Committee  on  Papers  and  Authors. 

The  President:  You  have  heard  the  report  of  the  Com- 
mittee.   What  is  your  pleasure? 

Mr.  Walton  Forstall:  I  move  that  it  be  accepted  and 
published  in  the  Proceedings. 

(Motion  seconded  and  carired.) 

The  President  :  Mr.  Miller  calls  attention  to  the  fact  that 
the  Constitution  provides  that  the  next  place  of  meeting  must 
be  decided  at  this  meeting  Of  course  the  place  of  meeting 
has  already  been  selected  by  the  Institute  2  years  ago;  but 
perhaps  it  would  be  wise  now  to  ratify  the  action  of  the  Insti- 
tute of  2  years  ago. 

Mr.  a.  S.  Miller  :  I  move  that  the  next  meeting  be  held 
at  San  Francisco  in  the  week  beginning  September  27,  1915. 

(Motion  seconded  and  carried.) 

Are  the  Secretaries  of  the  various  Sections  ready  to  present 
their  reports  ?  The  Distribution  Section  is  first.  We  will  call 
on  Mr.  Reinicker  to  present  the  report  of  the  Distribution 
Committee. 

Mr.  C.  E.  Reinicker: 

REPORT  OF  THE  DISTRIBUTION  SECTION. 

The  Distribution  Section,  during  its  sessions  on  Wednes- 
day and  Thursday,  October  21  and  22  respectively,  has  re- 
ceived the  committee  reports  and  listened  to  the  papers  as 
listed  below : 

"The  Welding  of  High  Pressure  Mains,"  by  Mr.  J.  D. 
Shattuck ;  "The  Installation  and  Maintenance  of  Services,"  by 
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Mr.  R.  B.  Duncan;  **The  Installation,  Repairing  and  Testing 
of  Meters  by  a  Small  Company,"  by  Mr.  Chas.  Otten,  Jr. ;  "The 
Improvement  of  Distribution  Employees,"  by  Mr.  C.  E.  Rein- 
icker;  **The  Proper  Specifications  for  an  Inspection  of  Inter- 
ior Gas  Piping,"  by  Mr.  A.  E.  Turner;  Report  of  the  Com- 
mittee on  Piping  of  Large  Buildings  for  Gas,  by  Mr.  O.  H. 
Fogg;  Report  of  the  Committee  on  Utilization  of  Gas  Ap- 
pliance, by  Mr.  W.  J.  Serrill. 

These  papers  and  reports  have  been  accepted  as  presented, 
for  publication  in  the  Institute  Proceedings,  and  the  various 
recommendations  made  have  been  concurred  in.  The  Distri- 
bution Section  now  submits  its  action  in  this  regard  for  ap- 
proval, or  amendment,  by  the  Institute. 

C.^E.  Reinicker,  Chairman, 
John  Stillweli.,  Secretary, 

Mr.  Walton  Forstall:  I  move  that  the  report  of  the 
Distribution  Section  be  accepted. 

(Motion  seconded  and  carried.) 

The  President:  The  next  is  the  report  of  the  Manufac- 
turing Section,  to  be  presented  by  Mr.  Underbill. 

Mr.  Henry  H.  Underhill: 

REPORT  OF  THE  MANUFACTURING  SECTION. 

The  Manufacturing  Section,  during  its  sessions  on  Wednes- 
day and  Thursday,  October  21st  and  22d,  respectively,  has  re- 
ceived the  Committee  reports  and  listened  to  the  papers  as 
listed  below: 

Report  of  the  Committee  on  Refractory  Materials,  by  Mr. 
Herman  Russell,  Chairman;  "Oil  Tar  Separation,  Recovery 
and  Disposal,"  by  Mr.  R.  E.  Wyant;  "Coal  Gas  Residuals- ^ 
Feld  Process,"  by  Mr.  F.  H.  Wagner;  "Operating  Experiences 
under  a  Calorific  Standard,"  (Symposium);  "Efficiency  Rela- 
tbn  Existing  Between  Various  Argand  and  Open  Flame  Test 
Burners,"  by  Mr.  F.  H.  Gilpin;  "The  Operation  of  Inclined 
Retorts,"  by  Mr.  Frank  Huber;  Report  of  the  Committee  on 
Progress  in  Carbonization  Methods,  by  Mr.  E.  L.  Spencer, 
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Chairman ;  "Carbonization  in  Bulk — Koppers'  Ovens,"  by  Mr. 
C.  J.  Ramsburg;  "Methods  and  Facilities  for  Specifying  and 
Testing  Blowers,  also  Measuring  Air  and  Steam*  Supply  to  the 
Water  Gas  Generators,"  by  Mr.  J.  M.  Spitzglass ;  Report  of  the 
Committee  on  Measurement  of  Gas  in  Large  Volumes,  by  Dr. 
J.  F.  Wing,  Chairman ;  "Purifier  Installations,"  by  Mr.  C.  E. 
Paige;  "Care  and  Maintenance  of  Gas  Holders,"  by  Mr.  J.  H. 
Braine. 

These  papers  and  reports  have  been  accepted  as  presented, 
for  publication  in  the  Institute  Proceedings,  and  the  various 
recommendations  made  have  been  concurred  in.  The  Manu- 
facturing Section  now  submits  its  action  in  this  regard  for  ap- 
proval, or  amendment,  by  the  Institute. 

The  Manufacturing  Section  recommends  for  consideration 
at  this  session  the  question  o'f  the  adoption  by  the  Institute  of 
the  Carpenter  burner  as  the  standard  for  testing  gas. 

Henry  L.  Underhill,    |   ^,    . 

Tir       ^    -Kir  Tjr  '  Chairmen, 

Wm.  E.  McKay,  ) 

W.  vanAlan   Clark,  Secretary. 

Mr.  Walton  Fokstall:  I  move  the  report  of  the  Manu- 
facturing Section,  omitting  consideration  for  the  present  of 
the  recommendation  in  relation  to  the  Carpenter  burner,  be 
received  and  accepted. 

Mr.  C.  E.  Reinicker:     I  second  the  motion. 

(Motion  carried.) 

Mr.  Walton  Forstall:  I  now  make  a  motion  that  the 
recommendation  of  the  Manufacturing  Section  in  relation  to 
the  Carpenter  burner  be  not  adopted. 

(Motion  seconded.) 

The  President  :  The  motion  is  now  before  the  house.  Is 
there  any  discussion? 

Mr.  Walton  Forstall:  The  Manufacturing  Section  un- 
doubtedly had  a  very  good  reason  for  the  adoption  of  that 
recommendation;  at  the  same  time,  in  the  absence  of  strong 
support  of  that  motion  by  the  men  of  the  Manufacturing  Sec- 
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tion  who  made  it,  and  with  only  a  small  attendance  on  the  part 
of  the  Institute  members  at  this  meeting,  I  think  it  is  much  too 
important  a  matter  to  be  accepted  by  the  Institute  with  prac- 
tically no  advance  notice  to  the  Institute  membership,  that  a 
motion  of  such  importance  was  coming  up  at  this  time. 

The  President:  What  were  the  arguments  in  connection 
with  that,  Mr.  Underbill? 

Mr.  H.  L.  Underhill:  There  were  no  arguments.  Mr. 
Bond  suggested  the  motion,  and  the  arguments  were  to  be 
presented  this  morning. 

The  President:  Mr.  Bond,  do  you  want  to  be  heard? 
You  were  the  gentleman  who  suggested  this  recommendation 
to  the  Manufacturing  Section. 

Mr.  C.  O.  Bond:  This  came  up  at  the  end  of  the  discus- 
sion by  the  Section  at  the  session  at  which  Mr.  Gilpin's  paper 
was  presented.  The  paper  was  the  result  of  a  good  many 
months  of  work  and  the  conclusion  reached  was  one  in  which 
a  number  of  people  had  been  consulted,  and  it  is  diametrically 
opposite  to  the  conclusion  advocated  in  the  methods  and  tests 
set  forth  by  the  Bureau  of  Standards.  It  seems  the  question 
is  down  to  the  voting  point,  as  to  whether  the  American  Gas 
Institute  wishes  to  allow  this  proposal  of  the  Bureau  of 
Standards  to  go  without  opposition,  or  whether  they  wish  to 
advocate  this  Carpenter  burner.  It  was  adopted  in  England 
and  is  in  use  now^  also  throughout  Canada,  and  the  question  now 
is,  whether,  with  the  trend  of  quality  w^e  have  in  the  gas  of 
the  United  States,  it  is  not  time  to  bring  up  this  matter. 

I  think  personally  it  is  time  for  the  Institute  to  take  this 
stand,  and  wish  we  had  a  full  meeting  here  in  order  to  have 
full  discussion  on  that  point  this  morning. 

The  President:  I  can  see  that  one  of  the  difficulties  of 
recommendations  made  by  Sections,  based  on  papers  read  be- 
fore each  such  Section,  will  be,  that  in  bringing  it  before  the 
Institute,  there  will  be  so  many  people  in  the  Institute  meeting 
who  are  not  just  in  touch  with  the  arguments  one  way  or  the 
other.    There  has  been  considerable  development  of  the  sub- 
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ject,  or  development  of  testing,  principally  of  testing  by  var- 
ious carbonization  plant  methods.  Mr.  Ramsburg,  what  is 
your  opinion? 

Mr.  C.  J.  Ramsburg:  I  think  if  this  thing  is  adopted  at 
this  time,  and  the  tests  are  made  in  the  future  on  the  Carpenter 
burner,  that  there  cannot  be  any  possible  objection  from  that 
standpoint.  The  only  objection  I  can  see  is  whether  the  Car- 
penter burner  testing  will  interfere  with  the  testing  of  high 
candle-power  water  gas.  Mr.  Bond's  judgment  on  this  is 
pretty  near  final. 

The  President:  Do  you  think  there  will  be  any  serious 
loss  of  time  if  this  were  referred  to  the  new  Technical  Com- 
mittee ? 

Mr.  Chas.  O.  Bond:  I  may  be  wrong  in  regard  to  the  pur- 
pose of  these  recommendations,  but  as  I  understand  them, 
each  Section  is  recommending  these  diflferent  points  to  the  in- 
coming administration,  or  the  Board  of  Directors.  It  does  not 
mean  that  it  goes  into  effect  as  the  opinion  of  the  entire  Insti- 
tute. It  means  that  the  Board  of  Directors  has  something  to 
think  about  in  this  matter,  and  it  has  the  recommendation  of 
the  Section,  which  has  given  the  most  thought  to  each  individ- 
ual recommendation. 

As  Mr.  Ramsburg  says,  if  you  had  a  high  candle-power 
water  gas  (above  23  candle-power)  you  might  have  some  dif- 
ficulty with  the  6-inch  chimney.  But  the  principle  involved  is 
what  I  am  after. 

I  do  not  think  many  works  exist  where  the  adoption  of  the 
Carpenter  burner  for  candle-power  determinations  would  be 
impossible. 

Mr.  C.  \V.  Andrews:  If  we  adopt  this,  it  seems  to  me  we 
are  playing  into  the  hands  of  people  who  are  anxious  to  put  in 
a  double  standard.  If  we  bring  out  the  merits  of  the  Carpen- 
ter burner,  of  giving  high  candle-power  on  low  candle-power 
gas,  the  tendency  will  be  to  put  in  a  double  standard. 

Mr.  Walton  Forstall:  If  it  is  a  good  thing  to  have  the 
Institute  adopt  this  burner,  it  would  be  a  pity  to  delay  such 
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adoption  until  the  next  meeting,  so  I  withdraw  by  motion,  and 
move  as  follows:  That  the  Institute  refer  the  recommenda- 
tion of  the  Manufacturing  Section  to  the  Board  of  Directors 
with  authority  from  the  Institute  to  the  Board  to  adopt  that 
recommendation  for  the  Institute,  if  the  Board,  after  proper 
investigation,  decides  that  it  is  for  the  best  interest  of  the  In- 
stitute. 

That  would  enable  us  in  the  November  or  December  News 
to  announce  what  we  thought  of  doing,  and  after  proper  notice, 
decision  could  be  made. 

(Motion  seconded  and  carried.) 

The  President:  Next  is  the  report  of  the  Chemical  Sec- 
tion to  be  presented  by  Mr.  Blauvelt. 

Mr.  Warren  S.  Bi^uvelt: 

REPORT  OF  THE  CHEMICAL  SECTION. 

The  Chemical  Section,  during  its  sessions  on  October  22, 
has  listened  to  the  papers  as  listed  below : 

"Gas  Chemist's  Handbook,"  by  Mr.  W.  H.  Fulweiler;  "An 
Electrical  Process  for  Detarring  Gas,"  by  Mr.  F.  W.  Steere ;  "A 
Method  for  the  Determination  of  Hydrogen  Sulphide  in  Gas," 
by  Mr.  A.  B.  Way ;  "Tests  of  a  New  Recording  Calorimeter," 
by  Mr.  C.  H.  Stone  and  Mr.  W.  H.  Hinman ;  "The  Separation 
of  the  Illuminants  in  Mixed  Coal  and  Water  Gas,"  by  Mr. 
G.  A.  Burrell;  "The  Mode  of  Decomposition  of  Coal  by 
Heat,"  by  Mr.  H.  C.  Porter  and  Mr.  G.  B.  Taylor;  "Gas 
Manufacture  from  the  Point  of  View  of  Physical  Chemistry," 
by  Mr.  W.  F.  Rittman. 

These  papers  have  been  accepted  as  presented,  for  publica- 
tion in  the  Institute  Proceedings,  and  the  various  recom- 
mendations made  have  been  concurred  in.  The  Chemical 
Section  now  submits  its  action  in  this  regard  for  approval,  or 
amendment,  by  the  Institute. 

The  Chemical  Section  recommends  that  the  Technical  Com- 
mittee appoint  a  committee  to  continue  work  on.  the  "Gas 
Chemist's   Handbook;"   that   a   formal    acknowledgement   be 
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made  by  the  Institute  to  the  Director  of  the  Bureau  of  Mines, 
thanking  him  for  the  co-operation  of  the  Bureau  on  the  work 
of  the  Gas  Institute,  and  expressing  the  appreciation  of  the 
Institute  not  only  for  the  papers  presented,  but  also  for  the 
presence  of  the  authors  at  the  meeting. 

Warren  Blauvei^t,  Chairman, 
Theodore  Bunker,  Secretary, 

The  President:  Probably  a  motion  for  the  acceptance  of 
this  report  conveying  the  recommendations  to  the  Board  of 
Directors  will  be  in  order. 

(Motion  made,  seconded  and  carried.) 

The  President:  The  next  is  the  report  of  the  Illumina- 
tion Section: 

Mr.  C.  O.  Bond  : 
REPORT  OF  THE  ILLUMINATION  SECTION. 

The  Illumination  Section,  during  its  session  on  October 
22nd,  has  received  the  Committee  report  and  listended  to  the 
paper  as  listed  below: 

Report  of  the  Committee  on  Illumination,  by  Mr.  C.  0. 
Bond,  Chairman ;  "The  Physical  Installation  of  Gas  Arcs,"  by 
Mr.  C.  A.  Luther. 

This  report  and  paper  have  been  accepted  as  presented,  for 
publication  in  the  Institute  Proceedings,  and  the  various 
recommendations  made  have  been  concurred  in.  The  Illum- 
ination Section  now  submits  its  action  in  this  regard  for  ap- 
proval, or  amendment,  by  the  Institute. 

C.  O.  Bond,  Chairman, 
C.  W.  Jordan,  Secretary. 

Mr.  Bond:  The  last  two  hours  of  the  session  were  given 
over  entirely  to  a  discussion  as  to  the  necessity  for  an  Illumin- 
ation Section. 

You  will  remember  in  the  report  of  the  Technical  Commil- 


Digitized  by  VjOOQIC 


135 

tee  that  this  Section  was  considered  an  experiment.  The  pur- 
pose of  the  meeting  was  to  bring  out  an  expression  of  opinion 
as  to  whether  or  not  the  Section  should  be  continued  in  exist- 
ence. 

The  recommendation  was  made  at  the  close  of  the  meeting 
that  the  Illumination  Section  should  be  continued,  but  that  its 
activities  should  be,  as  far  as  possible,  kept  within  the  bounds 
of  the  engineering  branch  of  the  gas  business.  We  had  quite 
a  number  of  commercial  men  present,  who  claim,  and  I  think 
with  justice,  that  committees  already  working  under  the 
National  CcMnmercial  Gas  Association  were  covering  territory 
which  might  have  been  included  in  the  scope  of  the  Illumin- 
ating Committee  without  further  restriction.  The  under- 
standing is  that  the  committees  of  the  two  organizations  would 
work  in  harmony. 

The  President:  There  was  no  curtailment  to  the  activi- 
ties of  the  Institute  in  that  motion.  It  was  simply  the  desire 
of  the  members  that  they  would  work  in  conjunction  with 
other  societies  on  the  subject  of  illumination.  It  was  brought 
out  very  clearly  that  the  future  of  the  illuminating  business  by 
gas  was  largely  a  question  of  engineering,  and  not  entirely 
salesmanship  alone.  The  necessary  conditions  requiring  good 
service  were  to  be  found  largely  in  the  engineering  portion  of 
the  business. 

Mr.  Forstall  :  I  move  that  the  report  of  the  Illumination 
Section  be  accepted. 

(Motion  seconded  and  carried.) 

The  President:  Next  is  the  report  of  the  Accounting 
Section : 

Mr.  Walton  Forstall: 

REPORT  OF  THE  ACCOUNTING  SECTION. 

The  Accounting  Section,  during  its  sessions  on  October  22, 
has  received  the  Committee  report  and  listened  to  the  papers 
as  listed  below : 

"In  Rate-Fixing  by  Commission:  Should  Depreciation  be 
Deducted  from  Plant  Valuation,"  by  Mr.  A.  C.  Humphreys; 
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"Accounting  for  Depreciation,"  by  Mr.  Halford  Erickson; 
"Compensation  of  Meter  Readers,"  by  Mr.  H.  C.  Schaper; 
"Printing  and  the  Care  of  Printed  Stock,"  by  Mr.  W.  P. 
Baylie;  "A  Suggested  Extension  of  the  Dewey  Decimal  Sys- 
tem of  Classification  to  Gas  Engineering,"  by  Mr.  D.  S. 
Knauss;  Report  of  the  Committee  on  Rates,  by  Mr.  William 
McClellan,  Chairman. 

These  papers  and  report  have  been  accepted  as  presented, 
for  publication  in  the  Institute  Proceedings,  and  the  various 
recommendations  made  have  been  concurred  in.  The  Ac- 
counting Section  now  submits  its  action  in  this  regard  for  ap- 
proval, or  amendment,  by  the  Institute. 

The  Accounting  Section  reconmiends  that  the  work  of  Mr. 
Knauss  be  carried  on  in  connnection  with  the  American 
Library  Association. 

R.  C.  Dawes,  Chairman, 
Thomas  M.  Leahy,  Secretary, 

Mr.  Forstai^l:  I  attended  the  Convention  sessions  of  the 
Accounting  Section,  and  I  wish  to  say  that  the  percentage  of 
what  you  might  call  live  matter  to  total  audience  was  prob- 
ably higher  with  it  than  with  any  other  Section,  successful  as 
they  all  were;  and  I  understand  that  while  the  number  of 
speakers  in  the  morning  session  was  not  so  great,  the  interest 
in  the  morning  session  was  not  less  than  that  manifested  at 
the  afternoon  session. 

The  President  :  Is  a  motion  in  order  for  the  acceptance 
of  this  report? 

Dr.  a.  C.  Humphreys:     I  will  make  such  a  motion. 

(Motion  seconded.) 

The  President:    The  question  is  before  you. 

Dr.  a.  C.  Humphreys:  Mr.  President,  I  was  at  the  morn- 
ing session.  I  noticed  quite  a  number  spoke  and  at  such 
length  that  it  gave  no  opportunity  for  the  readers  of  the 
papers  to  make  any  remarks,  except  in  my  case  to  express  an 
opinion  on  my  part,  which  was  an  expression  of  indignation. 
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I  think  it  would  be  well  if  the  Publication  Committee  took 
under  advisement  the  question  of  Mr.  Erickson  who  brought 
out  some  very  valuable  material  as  he  said,  of  a  very  elemen- 
tajy  nature,  and  that  is  what  we  want.  I  think  he  should  be 
asked  or  given  the  privilege  of  sending  in  to  the  Secretary, 
any  remarks  that  he  did  not  have  the  opportunity  to  make  for 
lack  of  time. 

I  was  asked  to  supply  an  abstract  of  a  gaper,  and  I  took 
about  6  minutes,  and  that  was  the  extent  of  my  opportunity. 
That  is  not  the  way  the  record  of  these  great  Institutions 
should  stand,  and  in  future  we  must  do  something  to  curb  the 
amount  of  time  accorded  to  each  speaker,  or  else  we  must 
make  provision  for  a  less  number  of  papers,  so  that  we  can 
finish  the  discussion. 

Mr.  Walton  Forstall:  I  second  Dr.  Humphrey's 
motion.  No  one  knew  whether  we  could  get  anybody  to  dis- 
cuss anything  in  the  Accounting  Section ;  and  in  the  desire  to 
prevent  it  falling  flat,  we  provided  more  papers  than  proved 
to  be  necessary.  Mr.  Erickson's  paper  was  in  print  only  2 
days  before  the  meeting,  so  we  could  not  make  an  abstract, 
and  we  were  compelled  to  allow  him  to  present  his  paper  in 
full. 

The  Publication  Committee  has  all  the  power  necessary  to 
see  that  what  goes  into  the  Proceedings  is  properly  edited. 
There  is  no  doubt  that  the  Publication  Committee  will  pre- 
serve whatever  is  of  permanent  value  in  the  discussions  of 
all  the  Sections,  while  omitting  what  second  thought  would 
exclude. 

Dr.  a.  C.  Humphreys:  My  point  is,  we  want  to  extend 
the  courtesy  to  Mr.  Erickson,  of  asking  him  to  make  this 
full  contribution.    Our  record  would  be  incomplete  without  it. 

Mr.  H.  W.  Peck:  I  would  suggest  an  amendment,  that 
Mr.  Erickson  and  Dr.  Humphreys  both  be  requested  to  sub- 
mit brochures  of  their  papers. 


Digitized  by  VjOOQIC 


138 


The  President:  The  question  before  you  is  on  the  adop- 
tion of  the  report. 

(Motion  made,  seconded  and  carried.) 

The  President:  That  finishes  the  Section  Reports.  Our 
meeting  this  year  has  had  several  things  in  the  nature  of  an 
experiment,  and  certain  rather  unexpected  results,  to  my 
mind,  have  been  brought  out.  When  I  requested  at  the  first 
session  of  the  Institute,  that  there  should  be  a  prompt  and  full 
attendance  at  the  Section  meetings,  I  did  not  realize  that  the 
attendance  would  be  larger  than  at  the  Institute  meeting  it- 
self. Mr.  Forstall  has  some  figures  which  I  would  like  to 
have  him  read  to  you,  which  will  show  you  how  the  attendance 
was  kept  up. 

Mr.  Walton  Forstall  :  I  haven't  those  figures  here  now, 
but  my  intention  is  to  put  into  the  Institute  News  all  the 
lessons  to  be  drawn  from  the  convention;  and  in  that  state- 
ment will  appear  the  record  of  attendance.  We  had  the  dif- 
ferent Section  Secretaries  counting  the  attendance  3  times 
during  each  session — at  the  beginning,  midway  and  at  the  end 
of  the  session. 

The  President:  I  know  the  Accounting  Section  room 
was  overcrowded,  and  people  were  standing  in  the  hall. 

Mr.  Walton  Forstall:  I  will  say  at  least  500  at  one 
time  in  all  the  Sections ;  the  Manufacturing  Section  had  296. 

The  President:  The  idea  of  carrying  the  business  on  in 
Sections  was  more  popular  than  most  of  us  had  expected.  It 
seems  when  men's  minds  are  turned  in  a  certain  direction,  they 
are  anxious  to  segregate  and  they  give  more  attention  and 
more  enthusiasm  on  their  specialized  lines  than  when  they  are 
in  a  joint  session.  I  think  this  has  established  a  mark  for 
future  Conventions. 

The  President:  Are  you  ready  to  report  on  the  award  of 
the  Beal  Medal,  Mr.  Morris? 

Mr.  W.  C.  Morris:  I  am  unable  to  report.  Our  Com- 
mitttee  has  had  difficulty  in  deciding.  The  Committee  be- 
lieves that  there  are  not  enough  medals;  that  the  Institute 
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papers  are  divided  into  so  many  branches,  that  a  Committee 
has  great  difficulty  in  weighing  the  relative  value  of  papers  sub- 
mitted to  the  different  sections. 

Mr.  Walton  Forstall:  Could  we  not  authorize  the  Com- 
mittee to  report  to  the  Board  of  Directors? 

The  President:    Yes;  that  could  be  done. 

Mr.  Walton  Forstall:  I  move  that  the  Committee  on 
Beal  Medal  be  authorized  to  report  its  award  to  the  Board  of 
Directors  for  publication  in  the  Gas  Institute  News. 

(Motion  seconded  and  carried.) 

The  President:  Is  there  any  other  unfinished  business 
before  the  Convention? 

Mr.  Warren  S.  Blauvelt:  It  seems  to  me,  Mr.  Presi- 
dent, before  we  adjourn,  we  should  have  a  formal  expression 
of  thanks  for  the  wonderfully  efficient  work  which  has  been 
performed  by  the  Committee  on  Arrangements.  I  have  never 
before  in  the  history  of  the  Institute  seen  the  arrangements 
planned  so  well.  In  each  Section  we  were  informed  of  what 
was  transpiring  in  ail  the  others.  The  whole  thing  is  run  like 
a  well  regulated  machine. 

We  should  give  our  formal  expression  of  gratification  and 
appreciation  to  this  Committee  for  its  very  careful  planning 
and  skillful  execution  of  that  plan.  (Motion  seconded  and 
carried.) 

The  President:  There  were  at  these  meetings,  Mr.  Rob- 
son  informs  me,  an  attendance  exceeding  850, — including  the 
ladies.  I  think  he  said  it  was  25  to  30  per  cent,  beyond  the  at- 
tendance of  any  former  Institute  meeting. 

It  leads  to  the  conclusion  that  with  the  Institute  as  big  as  it 
is  now,  we  must  appreciate  that  the  number  of  cities  able  to 
accommodate  us  is  being  restricted.  It  is  no  longer  a  one 
man's  Convention  or  even  a  Convention  of  the  Board  of 
Directors.  I  cannot  imagine  any  technical  or  scientific  body 
in  which  the  officers  can  call  for  help  and  get  such  thorough, 
efficient,  capable  Committees  as  I  find  in  this  Institute. 

I  hoi>e  you  will  all  feel  how  very  grateful  I  am  that  the  year 
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has  gone  by  with  as  much  success,  putting  the  Institute  for- 
ward in  certain  definite  ways  that  we  believe  will  continue,  and 
on  behalf  of  myself  and  the  Board  of  Directors  and  the  Of- 
ficers, I  thank  you  most  heartily,  and  I  bespeak  for  Mr.  Jones 
the  same  hearty  co-operation  I  have  received. 

Dr.  a.  C.  Humphreys:  I  do  not  think  we  should  adjourn 
without  expressing  our  thanks  to  the  Officers  and  the  Com- 
mittees, and  especially  the  President  and  the  Technical  Com- 
mittee. I  think  we  are  particularly  indebted  to  all  those  who 
have  worked  for  the  success  of  this  Convention,  including,  of 
course,  the  Entertainment  Committee;  and  I  hope  we  will  not 
adjourn  until  we  have  given  permanent  form  to  our  apprecia- 
tion of  our  obligations  to  these  men. 

I  have  particularly  admired  the  way  in  which  our  President 
has  conducted  our  Convention,  with  his  usual  suavity  and 
dignity  and  without  the  sacrifice  of  efficiency. 

Mr.  a.  S.  Millkr:  I  take  pleasure  in  seconding  that 
motion.  The  suggestion  by  Mr.  Morris  stated  that  he  thought 
that  was  to  a  very  considerable  extent  due  to  the  News.  I 
want  to  say  I  believe  the  News  has  been  a  very  excellent  factor 
in  the  success  of  the  Convention,  and  our  thanks  are  due  par- 
ticularly to  the  Secretary  and  to  the  News,  and  I  wish  to  in- 
clude in  that  vote  of  thanks,  an  expressions  of  our  thanks  to 
the  Secretary  for  the  excellent  work  he  has  done  in  the  past 
year  with  the  News. 

(Motion  seconded  and  carried.) 

(Motion  to  adjourn  made,  seconded  and  carried.) 

The  President:  Gentlemen,  the  Ninth  Annual  Conven- 
tion of  the  American  Gas  Institute,  is  adjourned. 

Adjourned,  10:50  a.  m. 
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CHEMICAL  SECTION. 

Morning  Session,  Thursday,  October  22. 

Mr.  W.  S.  Blauvelt  (Detroit)  :     Chairman,  Presiding. 

Mr.  Theodore  Bunker  (Paterson,  N.  J.),  Section  Secre- 
tary. 

The  chairman  called  the  meeting  to  order  at  lo  a.  m. 

The  Chairman:  Gentlemen,  the  Chemical  Section  of  the 
American  Gas  Institute  will  start  its  first  session. 

W'hen  we  consider  that  the  gas  industry  is  primarily  de- 
pendent upon  chemical  manufacturing  processes,  we  can  see 
that  in  the  past  the  gas  industry  has  not  given  the  place  to  the 
chemist  in  its  proceedings  to  which  the  chemist  is  properly 
entitled. 

It  was  the  thought  of  Mr.  Gartley  and  the  Board  of  Di- 
rectors that  the  organization  of  a  Chemical  Section  would  be 
but  the  proper  recognition  of  the  importance  of  the  chemist 
in  the  gas  industry,  and  that  the  objects  of  the  Institute  would 
be  promoted  by  securing  the  interested  and  active  co-operation 
of  all  chemists  connected  with,  or  interested  in,  this  industry. 

This  first  year  we  are  making  an  attempt  to  see  to  what  ex- 
tent the  chemists  in  the  industry  wish  to  take  hold  of  this  work 
with  the  Institute.  The  Committee  in  charge  has  succeeded 
in  getting  some  very  interesting  papers;  I  hope  they  will  be 
very  freely  discussed,  and  that  the  handful  of  the  elect  who 
are  here  to  make  history  in  the  gas  industry,  by  starting  this 
section,  will  tell  the  other  gas  chemists  that  here  is  a  chance 
to  do  good  work  for  the  benefit  of  our  industry,  and  inciden- 
tally for  the  benefit  of  the  chemists  who  are  connected  with 
the  industry. 

The  first  paper  to  which  we  will  call  your  attention  is  by 
Mr.  W.  H.  Fulweiler,  of  Philadelphia,  and  is  his  report  on  the 
Gas  Chemist's  Handbook.  Mr.  Fulweiler,  gentlemen.  (Ap- 
plause.) 

GAS  CHEMIST'S  HANDBOOK. 

The  preliminary  work  consisted  in  making  a  general  survey 
of  the  samples  submitted  for  analysis  to  the  laboratory  of  The 
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United  Gas  Improvement  Company.  It  was  felt  that  this 
would  serve  as  a  fair  index  of  the  extent  of  the  work  that 
might  be  expected  in  the  laboratory  of  an  American  gas  works. 

A  number  of  samples  were  omitted  from  consideration 
where  they  occurred  but  once,  or  where  they  apparently  would 
not  be  of  interest,  generally,  to  the  gas  industry. 

The  chemical  methods  that  were  used  in  analyzing  these 
samples  were  then  entered  into  a  card  index,  and  an  alpha- 
betical list  of  the  methods  and  determinations  were  prepared. 

This  list  is  given  in  Appendix  I. 

It  does  not  claim  to  be  a  complete  summary  of  the  entire 
field,  but  it  is  published  primarily  to  bring  out  a  discussion  as 
to  what  should  properly  be  included  in  the  handbook,  for  the 
guidance  of  future  work,  there  should  be  a  free  and  full  dis- 
cussion of  this  proposed  table  of  contents  or  index. 

Upon  consideration  of  the  number  of  analytical  methods 
involved  and  the  fact  that  in  many  cases  there  are  a  number 
of  methods  in  use  for  the  same  determination,  it  was  thought 
best  to  restrict  the  work  of  this  year  to  a  few  of  the  more  im- 
portant methods,  and  to  give,  as  far  as  possible,  methods  of 
analysis  which  had  been  adopted  as  standard  by  societies  such 
as  the  American  Society  for  Testing  Materials,  American 
Chemical  Society,  the  Bureau  of  Standards,  etc. 

We  have  endeavored  to  cover  the  principal  determinations 
necessary  in  the  analysis  of  coal,  coke,  gas  oil,  furnace  and 
illuminating  gas,  tar,  oxide  and  impurities.  In  several  cases, 
there  are  no  recognized  standard  methods.  In  such  cases, 
the  liberty  has  been  taken  of  setting  forth  the  methods  which 
have  been  used  as  standard  for  a  number  of  years,  in  the  lab- 
oratories of  The  United  Gas  Improvement  Company,  believing 
that  they  are  at  least  sound,  workable  methods  and  might 
well  serve  as  temporary  standards. 

The  methods  which  we  recommend  for  inclusion  this  year, 
in  the  Gas  Chemist's  Handbook,  are  given  in  Contents. 

Several  tables  that  seem  to  be  of  considerable  value,  have 
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also  been  included  and  suggestions  as  to  other  desirable  data 
will  be  welcomed  as  a  guide  for  future  committee  work. 

Of  even  greater  importance  than  the  choice  of  standard 
methods  of  analysis  is  the  formulation  of  standard  methods  of 
sampling.  Upon  going  into  this  subject,  however,  it  was 
found  that  there  was  a  very  great  diversity  of  opinion  and 
practice,  and  it  is  earnestly  recommended  that  future  commit- 
tees should  give  special  attention  to  this  phase  of  the  subject. 
The  methods  of  sampling  given  in  this  report  are  those  that 
appear  to  be  the  most  serviceable  at  the  present  time,  and  in 
this  connection,  reference  should  be  made  to  the  bibliography 
on  methods  of  sampling  given  in  Appendix  III. 

It  would  seem  that  the  handbook  would  be  best  published  in 
the  form  of  a  folder  with  loose  leaf  inserts,  so  that  in  case 
there  is  a  change  made  or  an  advance  in  the  art,  the  revised 
methods  could  be  readily  slipped  into  place. 

This  would  further  have  the  advantage  that,  whereas,  the 
preliminary  work  may  involve  only  a  few  methods,  as  succeed- 
ing work  is  done,  the  additional  methods  could  be  slipped  into 
place  without  disturbing  the  indexing  or  the  original  character 
of  the  book. 

The  magnitude  and  delicacy  of  this  work  is  fully  realized 
and  this  is  presented  primarily  as  a  progress  report.  In  time, 
the  Institute  would  be  well  repaid  for  the  expense  incurred  in 
the  publication  of  such  a  handbook  by  the  uniformity  of  prac- 
tice that  would  result  from  the  adoption  of  these  methods  and 
by  the  convenience  to  the  gas  chemist  of  having  recognized 
standard  methods  pertaining  to  the  industry  collected  in  one 
convenient  publication. 

It  is  again  urged  that  special  attention  be  given  to  the  ques- 
tion of  standard  methods  and  to  the  peculiar  conditions  under 
which  samples  must  be  taken  in  the  gas  industry. 
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Vanadium 
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Water  Gas 

reaction  of 
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determination  of,  in  brass 

(The  above  is  merely  the  introduction  to  the  handbook. 
The  complete  book  has  not  been  printed  in  the  Proceedings, 
for  it  is  of  interest  to  chemists  only,  and  for  working  use, 
should  be  in  pamphlet  form.  In  this  form,  one  copy  can  be 
procured,  free  of  charge,  by  each  member  applying  to  the  Sec- 
retary prior  to  July  i,  191 5.) 

The  Chairman  :  I  think  Mr.  Fulweiler  has  presented  the 
case  in  an  interesting  manner.  If,  as  a  result  of  the  activities 
of  the  Chemical  Section,  we  continually  work  on  this  Chemist's 
Handbook  and  keep  it  alive  in  the  way  he  suggests,  the  uni- 
formity of  results  which  would  follow  uniformity  of  methods, 
in  sampling,  particularly,  would  justify  a  Chemical  Section. 
All  of  us  realize  that  what  he  has  said  about  the  fundamental 
importance  of  standard  methods  of  sampling,  is  true. 

I  am  going  to  ask  Mr.  Hinman  if  he  will  start  this  discus- 
sion on  the  proposed  "Gas  Chemist's  Handbook,"  on  which 
Mr.  Fulweiler  has  done  the  first  work. 

Mr.  C.  W.  Hinman  (Winchester,  Mass.)  :  My  work  in 
gas  testing,  as  most  of  you  know,  has  been  very  largely  offi- 
cial, but  I  have  had  some  little  experience  as  a  gas  chemist. 
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I  want  to  commend  Mr.  Fulweiler  very  heartily  for  the 
work  he  has  done  here,  and  if  I  advance  any  suggestions,  I 
hope  he  will  understand  it  is  not  done  in  a  spirit  of  adverse 
criticism. 

Mr.  Fulweiler:  Go  as  far  as  you  like;  that  is  what  this 
meeting  is  for. 

Mr.  Hinman:  In  regard  to  sampling,  there  is  where 
the  chief  differences  between  analyses  come  in.  We  should 
have  some  standard  method  of  sampling  the  various  sub- 
stances. 

In  coal,  for  example,  if  you  happen  to  get  a  little  more 
pyrites,  or  pick  out  pieces  without  pyrites  in  them,  your  sul- 
phur results  will  be  a  way  off. 

Now  as  regards  the  subjects  to  be  included,  I  think  it  would 
be  better  at  the  outset  to  confine  ourselves  rather  closely  to 
the  subjects  Mr.  Fulweiler  has  chosen,  which  are  those  of 
most  importance  to  the  gas  chemist.  For  example,  I  see  in 
the  index  "Analysis  of  asbestos ;"  that  is  all  right,  but  a  com- 
petent analytical  chemist  would  know  how  to  analyze  that; 
also  "Babbitt  metal — analysis  of,"  and  things  of  that  sort,  which 
are  not  peculiar  to  gas  manufacture. 

If  all  these  various  substances  were  included,  the  book 
would  be  very  much  too  large. 

As  regards  methods, — for  most,  if  not  all,  determinations, 
there  should  be  more  than  one  method  given.  If  one  method 
is  more  accurate  than  the  others,  and  just  as  fast,  that  alone 
should  be  given. 

When  one  method  is  accurate,  but  slow,  and  another  is  fast, 
and  fairly  accurate,  both  should  be  given. 

Volumetric  as  well  as  gravimetric  methods  should  be  given, 
even  if  some  of  the  solutions  are  troublesome  to  prepare;  as 
they  save  much  time  if  numerous  determinations  of  the  same 
substance  are  made. 

In  looking  over  the  methods,  I  do  not  know  that  I  can  offer 
any  great  criticism.  As  far  as  I  know,  and  as  far  as  I  have 
checked  them  off,  the  methods  recommended  are  good. 
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My  work  has  been  largely  in  the  exact  volumetric  analysis 
of  gas,  and  the  method  reccwnmended  by  Mr.  Fulweiler  is  not 
what  I  have  been  accustomed  to  use. 

The  most  valuable  information  given  by  eudiometric  analy- 
sis, is  the  amount  of  nitrogen  in  the  gas.  It  is  very  easily 
ascertained  what  those  constituents  are  which  are  readily  ab- 
sorbable, such  as  oxygen,  carbonic  acid  and  the  illuminants. 
Carbon  monoxide  is  fairly  simple,  too.  But  the  analysis  is 
most  valuable  for  nitrogen,  and  the  method  recommended  by 
Mr.  Fulweiler,  although  it  is  the  one  generally  employed,  is, 
to  my  mind,  not  as  accurate  as  some  others.  In  the  given 
method,  water  is  used  and  one-fourth  to  one-fifth  of  the  resi- 
dual gas  from  absorption  is  mixed  with  air  and  exploded.  I 
use  mercury  and  an  explosion  with  oxygen.  The  explosion 
with  oxygen  as  given  in  the  books  is  that  when  you  explode,  a 
part  of  the  nitrogen  left  in  the  residue  will  be  oxidized  to 
nitric  acid,  or  nitrous  acid.  In  the  first  explosion  I  make.  I 
have  an  insufficient  amount  of  oxygen  for  complete  combus- 
tion, and  it  is  pretty  fair  to  assume  that  the  nitrogen  is  much 
less  easily  burned  than  the  hydrogen.  After  the  first  explosion, 
I  draw  in  a  second  quantity  of  oxygen  and  explode  again,  and 
have  the  carbon  dioxide  formed  by  the  first  explosion  as  a 
diluent,  so  there  is  very  little  danger  of  oxidizing  the  nitrogen. 
I  think  by  using  all  the  residue,  instead  of  a  small  part  of  it, 
that  the  error  is  reduced.  Necessarily  any  error  you  make  in 
determining  that  small  portion,  is  multiplied  by  four  or  five 
according  to  the  fraction  taken.  My  method  is  given  in  Stone's 
"Gas  Testing." 

I  do  not  say  that  this  method  given  by  Mr.  Fulweiler  is 
wrong,  but  that  it  is  not  as  accurate  as  the  method  I  have  used 
for  a  good  many  years. 

Another  thing  I  noticed,  was  the  determination  of  sulphuric 
acid,  and  that  only  the  gravimetric  method  was  used.  The 
gravimetric  method  is  all  right,  only  there  are  several  sources 
of  error  to  be  guarded  against.  Again,  it  is  slow,  and  a 
chemist  who  has  a  large  number  of  determinations  to  make, 
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must  have  a  large  number  of  crucibles.  For  years  I  have 
used  another  method,  a  volumetric  method,  which  has  been 
used  by  myself  and  other  official  chemists  for  some  30  or  40 
years,  and  it  has  been  pretty  thoroughly  proved,  and  is  much 
more  expeditious.  Mr.  Stone  who  has  had  much  experience, 
states  in  "Practical  Testing  of  Gas  and  Gas  Meters"  that  you 
can  make  thirty  or  forty  sulphuric  acid  determinations  in  a 
day;  and  I  am  quite  in  agreement  with  him.  I  know  the 
method  is  quick,  and  I  am  sure  it  is  accurate.  I  want  to  com- 
mend Mr.  Fulweiler  for  his  paper;  I  think  he  has  made  an 
excellent  start. 

The  Chairman  :     Mr.  Tutwiler,  have  you  anything  to  say? 

Mr.  C.  C.  Tutwiler  (Philadelphia):  In  spite  of  the 
adverse  criticism  of  the  handbook,  made  by  Mr.  Fulweiler 
himself,  I  have  nothing  but  praise  for  it.  One  can  but  ap- 
preciate the  large  amount  of  work  done  in  connection  with  its 
preparation,  particularly  so  when  the  short  time  in  which  to 
complete  the  work  at  the  disposal  of  the  editor  is  taken  into 
consideration. 

While  most  of  the  methods  presented  are  well  known  to 
most  of  us,  some  of  them  are  distinctly  novel.  I  think  it 
highly  desirable  that  the  work  should  be  continued  from  year 
to  year  and  that  sufficient  publicity  should  be  given  to  it  to 
insure  the  final  adoption  of  methods  which  will  be  generally 
approved.  Some  of  the  methods  now  presented  will  undoubt- 
edly be  criticised  by  those  using  other  methods  which  local 
conditions  seem  to  justify.  It  is  therefore  obvious  that,  in 
order  to  have  a  handbook  of  methods  which  will  be  generally 
approved  and  adopted  by  the  industry,  that  all  laboratories 
doing  work  of  the  kind  represented  in  the  handbook  should 
be  given  an  opportunity  to  present  their  methods  to  a  com- 
mittee or  board  of  editors,  who  will  finally  select  for  adoption 
by  the  Institute  the  method  which  it  desires  to  stamp  with  its 
approval. 

As  a  concrete  instance,  we  believe  we  are  using  in  our  own 
laboratory  a  method  for  testing  oxide  which  is  much  to  be  pre- 
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ferred  over  the  one  given  in  the  handbook.  This  method 
was  developed  too  late  to  bring  it  to  the  attention  of  the  editor. 
In  this  method,  the  hydrogen  sulphide  used  is  measured  over 
mercury  in  a  gas  analyzing  burette  and  passed,  as  in  the 
method  described,  over  a  weighed  quantity  of  oxide  con- 
tained in  a  small  glass  tube.  After  each  fouling,  the  amount 
of  hydrogen  sulphide  is  noted,  the  oxide  revivified,  and  the 
process  repeated  until  there  is  no  further  absorption  of  hydro- 
gen sulphide. 

I  think  it  probable  that  a  number  of  the  methods  which  we 
have  long  used  and  considered  standard  can  be  much  improved 
upon  and  I,  for  one,  hope  very  much  that  the  work  will  be 
continued  and  that  some  means  will  be  adopted  whereby  the 
best  methods  can  be  quickly  ascertained  and  finally  approved 
by  the  Institute.  I  think  the  Institute  is  to  be  congratulated 
upon  the  excellent  start  which  has  been  made  towards  stand- 
ardizing our  methods  of  analysis. 

The  Chairman  :  Has  anyone  else  anything  to  say  in  re- 
gard to  the  Gas  Chemist's  Handbook? 

Mr.  a.  B.  Way  (Everett,  Mass.)  :  The  thing  that  im- 
presses me  very  strongly  in  this  handbook  is  the  fact  that  Mr. 
Fulweiler  has  given  so  much  gratuitous  service  in  its  compil- 
ation.    I  can  see  that  a  lot  of  work  has  been  done. 

I  have  not  the  temerity  to  criticise  his  methods,  but  I  think 
that  most  of  us  have  pet  methods,  and  we  have  particular 
reasons  for  preferring  our  pet  methods.  It  seems  to  me, 
therefore,  that  in  the  future  work  of  such  a  committee,  in  the 
compilation  of  a  handbook,  there  would  be  need  of  collecting 
the  various  methods  used  in  different  laboratories;  and  not 
only  should  copies  of  the  methods  be  obtained,  but  we  should 
seek  to  secure  from  the  various  chemists  their  reasons  for 
their  preference  of  one  method  over  another.  In  that  way 
the  work  would  be  simplified.  With  the  opinions  of  different 
chemists  before  them  and  the  reasons  for  such  opinions,  the 
committee  will  be  in  a  better  way  to  judge  of  just  which  meth- 
ods should  be  stamped  with  the  approval  of  the  Institute.     I 
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hardly  like  to  make  suggestions,  but  it  strikes  me  that  we 
should  not  confine  ourselves  to  one  method  in  each  case. 
Alternate  methods  should  be  given  with  perhaps  a  preference 
expressed  for  a  particular  one. 

I  do  not  think  I  can  add  anything  further  except  that  I 
believe  and  feel  that  the  Institute  is  very  much  indebted  to  the 
author  for  his  arduous  labors ;  and  for  the  beginning  of  some- 
thing which  I  believe  will  be  a  feather  in  our  cap  and  a  helpful 
guide  to  gas  chemists. 

The  Chairman  :     Mr.  Uhlig,  have  you  anything  to  say? 

Mr.  E.  C.  Uhug  (Brooklyn)  :  It  is  evident  that  Mr.  Ful- 
weiler  has  gone  to  a  great  deal  of  care  and  trouble  in  preparing 
this  preliminary  work  on  a  handbook. 

I  would  like  to  suggest  to  the  future  committee,  that  I  do 
not  agree  with  the  last  speaker  as  to  recommending  different 
methods.  I  think  methods  should  be  recommended  only 
where  there  is  a  liability  for  dispute;  and  I  think  the  Com- 
mittee should  also  take  into  consideration  rapid  methods. 
There  are  many  of  us  who  have  to  work  quickly,  and  while  we 
know  speed  is  desirable,  we  know  that  speed  is  sometimes 
gotten  at  the  cost  of  accuracy. 

Now  the  extraction  method  for  oxides  is  accurate,  as  far 
as  being  able  to  remove  from  the  oxide  the  amount  of  soluble 
sulphur;  but  that  does  not  remove  all  of  the  sulphur.  If 
you  want  to  know  how  much  sulphur  your  oxide  has  removed 
from  the  gas,  it  is  my  opinion  that  you  should  know  all  the 
sulphur  present,  whether  it  is  available  by  a  method  of  ex- 
traction or  not. 

Now,  in  regard  to  gas  analysis,  there  are  some  of  us  who 
use  methods  of  analysis  which  others  think  are  not  accurate, 
such  as  manipulation  over  water  and  explosion  over  water, 
but  they  serve  their  purpose,  and  they  can  be  developed  to 
some  degree  of  accuracy,  consistent  with  the  speed  required. 

Has  Mr.  Fulweiler  done  any  work  on  explosion  of  gas 
where  air  was  used?  I  notice  in  all  these  instances  given, 
oxygen  is  recommended;  whereas  I  think,  if  the  explosion 


Digitized  by  VjOOQIC 


i6o 


can  be  accomplished  with  air,  air  should  be  used,  because  air 
contains  a  constant  percentage  of  oxygen. 

I  think  Mr.  Fulweiler  well  deserves  the  thanks  of  the  Insti- 
tute for  this  report,  and  I  have  no  doubt  it  will  be  of  g^eat 
future  benefit  to  us  all. 

The  Chairman  :  This  being  the  first  meeting  of  the  Chem- 
ical Section,  the  chemists  did  not  find  their  way  here  until 
ID  minutes  after  the  time  set  for  starting  this  session.  Our 
time  is  up  now  for  this  particular  subject.  We  are  working 
on  schedule,  and  must  adhere  to  that  schedule  as  closely  as 
circumstances  will  permit.  If  there  is  anybody  else  having 
anything  to  say  on  this  Gas  Chemist's  Handbook,  we  will  be 
glad  to  hear  from  them  now  for  one  or  two  minutes. 

Mr.-  J.  M.  MoREHEAD  (Chicago)  :  Would  it  not  be  a 
good  scheme  if  we  were  to  get  the  Institute  to  go  further  than 
to  recommend  one  method,  and  give  certain  methods  for 
making  these  analyses  and  say  "These  are  right."  The  electri- 
cal engineers  have  tests  and  abide  by  those  tests. 

There  is  no  standard  method  for  testing  coke.  We  contract 
for  coke  under  a  certain  fixed  carbon  determination.  The 
people  we  buy  it  from  make  coke,  and  to  them  it  is  a  finished 
product;  with  us  it  is  a  raw  material.  They  have  a  method 
of  testing  and  so  do  we.  The  methods  give  a  different  per- 
centage. We  tried  testing  it  with  their  method,  and  we  got 
their  results.  They  tested  with  our  method  and  they  got  our 
results,  and  there  was  no  authority  you  could  go  to  under 
those  circumstances  to  say  which  method  was  correct.  If  you 
bid  on  their  coke  and  their  methods  were  standard,  we  would 
have  made  our  specifications  that  way,  and  we  would  have 
been  just  as  well  off.  As  it  was,  we  scrapped  over  the  matter 
for  months,  delayed  payments  and  referred  it  to  other  people, 
and  they  gave  evasive  answers. 

Now,  would  it  not  be  well  for  this  Institute  to  get  up  certain 
standard  methods  of  testing  at  this  time.  One  man  can  go 
to  work  and  make  his  method  run  up  and  down,  and  another 
can  make  his  run  down  and  up,  and  each  says  his  method  is 


Digitized  by  VjOOQIC 


i6i 


better  than  the  other.  I  would  like  to  propose  to  the  proper 
authorities  that  this  Institute  get  the  methods  by  which  we 
buy  or  sell  supplies,  and  say  ''This  is  right."  The  gas  analysis 
we  do  not  buy  by,  and  candle-power  determination  is  pretty 
well  standardized ;  but  in  coke  and  coal  analysis,  one  man  uses 
one  method  and  another  another,  and  there  is  no  standard; 
and  wherever  payments  are  based  on  analysis,  that  question 
of  difference  of  methods  of  test,  will  come  out.  And  natur- 
ally, between  two  methods  any  analyst  will  use  the  one  which 
shows  up  best  for  him.  There  should  be  one  authority,  and 
when  you  buy  loo  or  i,ooo  tons,  buy  it  according  to  the 
analysis  set  forth  by  the  American  Gas  Institute,  and  then 
everybody  knows  what  the  conditions  are,  and  how  his  product 
will  analyze  by  that  process.  And  then  the  man  making  the 
raw  material  and  the  man  buying  the  finished  product  will 
meet  on  the  same  method. 

I  think  the  U.  G.  I.  and  the  Consolidated  would  be  willing 
to  meet  the  Institute,  and  I  speak  for  the  Peoples  Company 
of  Chicago  and  say  we  would  be  glad  to  get  some  permanent 
method  which  would  be  standard,  just  as  the  Government 
has  methods  for  testing  standards.  You  buy  cement  now  by 
"Paper  No.  28."  You  buy  electrical  generators  by  the  stand- 
ard of  the  American  Institute  of  Electrical  Engineers.  These 
big  associations  pick  out  a  fair  method  and  put  the  stamp  of 
their  approval  on  it,  and  it  then  becomes  standard  for  that  in- 
dustry. We  are  the  only  people  in  authority  to  say  what  is 
right  in  regard  to  analysis  of  our  supplies  and  products. 

Dr.  a.  H.  EIvUOTT  (Flushing,  N.  Y.)  :  I  want  to  endorse 
the  sentiments  of  the  last  speaker.  I  do  not  know  of  any- 
thing more  in  need  of  standardizing  than  gas  works  methods 
of  testing. 

There  is  the  American  Chemical  Society  method  for  testing 
coal.  It  is  used  and  quoted  all  over  the  world.  I  see  that  it 
is  used  and  quoted  in  England  and  in  Germany.  Now,  we 
can  have  standard  methods  in  just  the  same  way  for  testing 
gas  oil  and  coke.  I  strongly  endorse  it,  and  that  is  the  line  of 
II 
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work  this  handbook  should  be  built  on.  Have  a  method 
which  we  endorse,  which  is  the  best  to-day;  and  when  any- 
thing new  or  important  comes  up,  take  out  one  method  and 
put  in  a  substitute.  Have  plenty  of  copies  of  it  printed  and 
distributed. 

The  Chairman:  I  think  Mr.  Morehead  and  Dr.  Elliott 
have  expressed  very  emphatically  the  idea  in  the  minds  of  the 
Committee  on  Chemical  Program  when  they  asked  Mr.  Ful- 
weiler,  to  start  this  work,  and  I  am  sure  it  it  is  the  wish  of 
the  Chemical  Section,  that  this  work  shall  be  prosecuted 
vigorously  in  the  future,  as  it  seems  to  be,  that  the  committee 
will  bear  these  suggestions  in  mind. 

We  will  now  call  on  Mr.  Fulweiler  to  close  the  discussion 
on  this  subject. 

Mr.  Fulweiler:  I  am  sorry  I  did  not  make  myself 
clear  on  the  question  of  standard  methods  at  the  start,  but 
that  is  what  this  whole  matter  was  gotten  up  for — in  any  case 
of  dispute,  the  method  herein  prescribed  was  to  be  used. 

I  think  it  would  be  well,  however,  if  we  had  an  official 
standard  method  for  purposes  of  dispute,  and  then  some  short 
quick  method  for  routine  control  work. 

I  think  that  is  quite  proper,  and,  to  get  it  into  the  record,  I 
would  suggest  that  for  future  committee  work  it  would  be 
an  excellent  idea  if  we  circulated  all  the  methods,  and  then 
organized  the  Chemical  Section  into  a  committee  of  the 
whole,  and  everybody  try  (say)  oxide  analysis  for  the  first 
year;  everybody  havmg  a  pet  method  of  analysis  would  send 
it  in,  and  we  would  all  test  it  on  a  standard  sample,  and  re- 
port our  results ;  and  when  we  come  to  the  meeting,  we  will 
have  some  actual  and  comparative  figures  to  work  on.  If 
everyone  has  tried  out  all  of  the  methods  offered  on  the  same 
standard  sample,  then  you  have  something  which  will  be  ab- 
solutely convincing.  I  think  this  is  the  only  way  to  reach  the 
best  method. 

There  are  certain  methods  which  we  will  have  to  accept  as 
they  stand,   for  instance,   the  report  of  the  combined  corn- 
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mittee  of  the  American  Society  for  Testing  Materials,  and  the 
American  Chemical  Society  on  the  analysis  of  coal  and  coke. 
We  cannot  change  these ;  we  must  accept  them  as  they  stand. 

Thk  Chairman:  One  of  the  purposes  of  the  section 
meeting,  is  to  make  definite  recommendations  to  the  incom- 
ing Technical  Committee  as  to  the  work  of  our  section  for 
the  future ;  and  in  order  that  this  may  be  put  in  the  form  of  a 
recommendation,  I  would  be  glad  to  entertain  a  motion  to  the 
effect  that  the  incoming  Technical  Committee  be  requested  to 
authorize  the  continuation  of  a  committee  in  charge  of  the 
Gas  Chemist's  Handbook.  Existing  committees  cease  to  exist 
at  the  close  of  this  meeting.  Making  this  definite  recom- 
mendation to  the  new  Technical  Committee  will  probably  re- 
sult in  their  making  provision  to  keep  this  work  going. 

Mr.  Tutwiler:     I  make  such  a  motion. 

Mr.  Hi n man  :     I  second  the  motion. 

The  Chairman:  Is  there  any  discussion?  K  not,  those 
in  favor  will  say  aye  (ayes);  contrary  (no  response).  It  is 
unanimously  carried  that  this  work  is  to  be  undertaken 
through  the  Technical  Committee  and  undoubtedly  the  Chem- 
ical Section  will  be  called  upon  to  do  the  work. 

WTien  you  ask  the  Technical  Committee  to  father  this,  you 
are  asking  for  a  job  for  yourselves ;  and  I  am  sure  the  Tech- 
nical Committee  will  be  glad  to  set  you  to  work. 

APPOINTMENT  OF  SECTIONAL  NOMINATING 
COMMITTEE. 

One  matter  of  business  here  is  to  get  together  and  know 
one  another  as  members  of  the  Chemical  Section.  After  this, 
it  is  our  duty  under  the  new  Constitution,  to  select  three 
members  of  this  section,  from  one  of  whom  the  Committee  on 
Nominations  reporting  to  the  191 5  meeting,  must  choose  the 
candidate  for  vice-president,  representing  the  Chemical  Section 
In  order  that  this  work  may  be  put  forward,  I  will  ask  Dr. 
A.  H.  Elliott,  Mr.  J.  M.  Morehead  and  Mr.  W.  H.  Hinman  to 


Digitized  by  VjOOQIC 


164 

be  a  committee  to  meet  during  lunch  hour  and  select  three 
names  from  the  prospective  membership  of  the  Chemical  Sec- 
tion, and  report  after  the  reading  of  the  first  paper  this  after- 
noon 

Mr.  A.  B.  Way,  of  Everett,  Mass.,  will  now  present  his 
paper  entitled  "A  Method  for  the  Determination  of  Hydro- 
gen Sulphide  in  Gas." 

A  METHOD  FOR  THE  DETERMINATION  OF 
HYDROGEN  SULPHIDE  IN  GAS. 

There  may  be  occasions  in  a  large  works  when  the  quantity 
of  gas  made  will  vary  to  a  considerable  extent  from  hour  to 
hour,  and  as  the  proportion  of  sulphuretted  hydrogen  extracted 
from  gas  by  a  partially  fouled  purifier  depends  largely  on  the 
speed  of  the  gas,  it  is  a  difficult  matter  to  determine  the  rela- 
tive efficiency  of  a  number  of  boxes  unless  the  samples  of  gas 
are  taken  simultaneously. 

To  do  this  by  the  old  methods  where  the  gas  was  passed 
through  some  absorbing  agent  and  metered  would  require  a 
number  of  meters  and  absorbing  trains.  Besides  the  cost  of 
apparatus  for,  say,  a  dozen  samples,  the  setting  up  and  running 
of  the  twelve  determinations  at  one  time  would  keep  one  man 
fairly  busy  for  a  while. 

It  was  just  such  a  contingency  as  this  that  impelled  the 
writer  to  devise  the  method  which  is  about  to  be  explained  in 
detail. 

The  apparatus  used  consists  principally  of  a  large,  wide 
mouth  bottle  of  about  3^ -gallon  capacity.  The  neck  is  fitted 
with  a  three  hole  rubber  stopper  which  is  marked  in  any  con- 
venient w^ay  by  which  one  may  be  sure  of  its  being  inserted 
in  the  neck  of  the  bottle  to  exactly  the  same  point  each  time. 
Two  glass  tubes  project  through  the  stopper  to  a  distance  of 
about  two  inches  above  and  to  uneven  distance  below;  one 
nearly  to  the  bottom  of  the  bottle  and  the  other  only  a  short 
distance   below   the   stopper.     A   thermometer   is   fitted   into 
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the  third  hole.  Short,  stout  rubber  tubes  with  pinch  cocks 
are  attached  to  the  glass  tubes.  The  bottle  is  calibrated  at 
60°  F.,  including  the  tubes  up  to  the  pinch  cocks. 

The  gas  to  be  examined  is  passed  through  the  dry  bottle 
until  all  the  air  is  expelled  and  the  stop  cocks  are  then  closed, 
the  outlet  one  first,  which  insures  a  pressure  in  the  bottle. 

The  sample  is  brought  to  the  laboratory  and  allowed  to 
stand  for  a  while  until  its  temperature  approaches  that  of  the 
room. 

One  of  the  tubes  is  then  connected  with  a  longer  rubber 
tube,  the  loose  end  of  which  is  immersed  in  a  beaker  or  other 
vessel  holding  exactly  J4-i"ch  of  water.  The  pinch  cock  on 
this  tube  is  slowly  released  until  the  bubbles  cease  to  rise 
through  the  water.  The  gas  in  the  bottle  may  then  be  con- 
sidered as  being  at  normal  pressure,  for  the  pressure  exerted 
by  the  J^-ii^^h  seal  amounts  to  only  about  0.06  per  cent,  of  the 
volume.     The  temperature  is  here  noted. 

After  establishing  normal  pressure,  the  pinch  cock  is  closed 
and  the  same  tube  is  connected  with  a  leveling  bottle.  The 
other  tube  is  connected  with  a  large  burette  containing  an 
ammoniacal  cadmium  chloride  solution  (see  foot  note).  By 
means  of  the  leveling  bottle  a  slight  vacuum  is  produced  in 
the  sample  bottle  and  about  30  cubic  centimeters  of  the  cad- 
mium chloride  solution  are  allowed  to  run  it.  The  pinch  cock 
is  closed  and  the  burette  disconnected.  The  leveling  bottle  is 
raised,  and  at  the  same  time  the  pinch  cock  is  opened,  and  the 
gas  which  has  been  drawn  out  is  forced  back  into  the  bottle. 
The  leveling  bottle  is  disconnected  and  the  bottle  containing 
the  sample  and  cadmium  chloride  is  shaken  for  a  minute  or 
two.  Pressure  is  slowly  released, by  opening  the  stop  cock 
on  the  shorter  tube,  the  stopper  removed  and  the  contents  of 
the  bottle  poured  onto  a  dry  filter. 

The  bottle  is  rinsed  three  times  with  a  little  water  without 
attempting  to  dean  out  the  particles  of  cadmium  sulphide  which 
stick  to  the  bottle  and  tubes;  the  precipitate  on  the  filter  is 
washed  twice  with  water  and  the  filter  and  precipitate  are 
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placed  in  the  bottle.  An  excess  of  1/20  normal  iodine  solu- 
tion, 3  cubic  centimeters  of  starch  solution,  about  200  cubic 
centimeters  of  water  and  50  cubic  centimeters  of  commercial 
hydrochloric  acid  are  added.  The  stopper  is  inserted,  the 
pinch  cocks  closed  and  the  bottle  is  shaken  for  a  minute  or 
two.  The  stopper  is  again  removed,  the  tubes  rinsed  into 
the  bottle  and  the  excess  iodine  is  titrated  with  1/20  normal 
thiosulphate  solution.  By  calculation  from  the  calibration  of 
the  bottle  and  the  absolute  strength  of  the  iodine  solution,  a 
factor  is  obtained  which  reads  directly  into  grains  of  H,S 
per  100  cubic  feet  of  gas  per  cubic  centimeter  of  iodine  solu- 
tion. A  correction  is  made  for  the  temperature  and,  if  de- 
sired, for  the  pressure  due  to  the  j4-m^^  seal.  A  blank  is 
run  every  few  days  on  the  reagents  used  and  the  amount  of 
iodine  used  in  the  blank  is  deducted  from  the  iodine  used  in 
the  determination. 

The  advantages  of  the  method  are  that  there  is  no  action 
on  the  iodine  by  anything  but  HjS  as  is  the  case  when  iodine  is 
added  directly  to  the  gas,  no  meter  is  necessary  and  the 
number  of  determinations  that  can  be  made  simultaneously 
is  limited  only  by  the  number  of  calibrated  bottles  at  hand. 

The  writer  has  taken  twelve  samples  simultaneously  from 
as  many  purifiers  and  finished  the  determinations  on  the  whole 
set  in  less  than  two  hours. 

Duplicate  determinations  which  check  within  ^  per  cent, 
are  of  daily  occurrence. 

Note. — Ammoniacal  cadmium  chloride  solution. 
125  cc.  water 

20  grams  cadmium  chloride. 
50  cc.  strong  ammonia. 
Filter  into  bottle. 
300  cc.  strong  ammonia. 
Fill  to  I  liter  with  water. 
The  following  will  serve  as  an  example  of  the  method  of 
calculation. 
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A  N/20  solution  of  iodine  contains  6.346  grams  of  iodine 
per  liter. 

From  the  reaction  HjS  +  2l=:2HI  +  S,  i  gram  of 
iodine  is  equivalent  to  0.13428  gram  of  HgS. 

Therefore 

I  cc.  N/20  iodine  solution  =  0.00,085,214  gram  or  0.01,315 
grain  of  HjS. 

Then 

Cc.  in  100  cu.  ft.    , , 

-CiVln  bottle       X°°'3i5  = 

grain  HjS  per  100  cubic  feet  per  cc.  N/20  iodine. 

Assuming  for  instance  that  the  bottle  holds  2,000  cc.  we 
have 

"•^3'.677  X  0.01315  -  18.618 

2,000  ^     ^ 

or 

I  cc.  iodine  solution  =  18.62  grains  of  HjS  per  100  cubic 
feet  of  gas. 

Mr.  Way  :  After  the  proof  of  this  paper  was  sent  to  me, 
I  handed  it  to  one  of  my  assistants.  He  came  back  to  me  and 
said  "We  will  beat  that  all  to  pieces  on  time."  He  reminded 
me  that  when  we  were  doing  more  of  this  work  than  we  do 
now,  he  was  accustomed  to  start  in  the  morning  at  7:30  with 
ten  of  these  bottles  in  a  large  market  basket.  He  would  cross 
the  plant  and  connect  each  bottle  with  a  pet-cock,  and  after  he 
had  reached  the  last  one,  he  went  back  to  the  first  and  col- 
lected the  samples,  brought  them  to  the  laboratory  and  let 
them  stand ;  then  he  would  go  back  for  another  ten,  and  when 
he  returned,  the  temperature  on  the  first  lot  had  changed  suf- 
ficiently for  continuing  the  work.  The  first  ten  were  then 
precipitated,  and  in  turn,  he  would  precipitate  the  second  ten. 
Those  twenty  results  were  on  my  desk  every  morning  by  9 130 ; 
so  the  work  was  better  than  I  have  reported  here. 

The  Chairman  :  You  have  heard  a  very  interesting  "pet 
method."    Our  neighbor's  "pet  methods"  are  sometimes  very 
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objectionable  to  us.     If  there  are  any  objections  to  this  "pet 
method"  we  would  be  glad  to  hear  them. 
The  paper  is  at  your  mercy,  gentlemen. 

Mr.  C.  H.  Stone  (Middletown,  N.  Y.)  :  At  the  time  I  was 
asked  to  discuss  this  paper,  I  did  not  know  that  I  could  be 
here,  so  I  had  prepared  a  memorandum  which  I  will  read. 

The  chemical  principle  on  which  this  method  is  based  is 
not  a  new  one.  Harding  and  Johnson  last  year  described 
a  process  in  which  they  absorbed  the  hydrogen  sulphide  in 
cadmium  chloride,  added  hydrochloric  acid  and  titrated  the 
liberated  hydrogen  sulphide  with  iodine.  They  state  that 
the  whole  operation  takes  but  seven  minutes,  but  I  assume  that 
this  means  for  the  actual  chemical  worlc  and  does  not  include 
gathering  and  preparing  the  sample.  They  agree  with  Mr. 
Way  that  it  is  much  more  accurate  than  the  direct  titration 
with  iodine  and  indeed,  in  1910  Ross  and  Race  found  that  the 
direct  titration  was  useless  with  water  gas  because  of  the 
presence  of  cyclopentadiene  which  causes  quite  an  appreciable 
absorption  of  iodine  in  gases  free  from  hydrogen  sulphide. 
It  might  also  be  said  that  I  have  found  sulphur  dioxide  present 
in  illuminating  gas  and  Carpenter  reports  its  presence  in  the 
exit  gases  from  the  Claus  process,  and  of  course  this  would 
vitiate  the  iodine  titration.  Somerville  also  mentions  the  ne- 
cessity of  making  a  correction  for  hydrocyanic  acid  if  that  be 
present.  All  of  these  obstacles  are  overcome  in  Mr.  Way's 
method,  and  while  the  chemical  part  seems  to  be  practically 
identical  with  Harding  and  Johnson's  method,  the  apparatus 
used  by  the  latter,  strikes  me  as  rather  delicate  and  expensive, 
while  Mr.  Way's  is  especially  well  suited  to  use  in  gas  works. 

The  method  has  been  worked  out  so  thoroughly  that  there 
seems  to  be  little  to  criticise.  I  would  like  to  ask  if  there  is 
not  some  chance  that  the  rubber  stopper  will  become  worn 
and  not  fit  into  the  bottle  to  the  same  point.  I  would  also  like 
to  ask  if  Mr.  Way  considers  the  cadmium  chloride  a  better  re- 
agent for  this  purpose  than  the  arsenious  acid  recommended 
by  Sutton.     And  further,  if  a  large  number  of  determina- 
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tions  are  to  be  made,  whether  stannous  chloride  would  not  be 
a  better  titrating  agent  than  thiosulphate.  I  used  stannous 
chloride  in  acid  solution  for  a  number  of  years  with  great 
success.  It  was  kept  in  an  atmosphere  of  carbon  dioxide  and 
standardized  each  morning  against  potassium  bichromate.  It 
kept  its  strength  well,  was  easy  to  standardize  and  gave  a  good 
end  point.  I  ask  these  questions  as  one  seeking  information, 
and  not  as  criticism,  for  I  think  we  will  all  agree  that  Mr. 
Way  has  furnished  us  with  an  excellent  method,  and  I,  for 
one,  am  glad  of  this  opportunity  to  congratulate  him. 

The  Chairman:  Apparently  this  pet  method  of  Mr. 
Way's  brings  out  another.     Mr.  Harper! 

Mr.  R.  B.  Harper  (Chicago)  :  He  says  he  corrects  for 
temperature;  does  the  author  correct  for  pressure? 

Mr.  Way  :  That  was  a  slip  or  omission.  All  gas  volumes 
must  be  corrected  for  pressure  as  well  as  for  temperature. 

Mr.  C.  C.  TutwilEr  (Philadelphia)  :  Could  Mr.  Way 
give  any  figures  as  to  a  comparative  cost  between  this  method 
and  the  direct  titration  method?  For  a  number  of  years  we 
have  used  this  direct  titration  method.  We  knew  it  was  not 
accurate,  but  we  thought  if  the  percentage  of  errors  were  care- 
fully watched,  that  it  would  be  practically  negligible. 

I  haven't  any  figures  to  show  what  the  direct  titration 
method  and  the  method  Mr.  Way  suggests  would  show  by 
way  of  comparison.  If  anybody  has  the  figures,  I  would  be 
glad  to  hear  them. 

Dr.  J.  F.  Wing  (Everett,  Mass.):  I  have  tried  that 
method  of  Mr.  Way's.  Mr.  Way  spoke  of  a  pet  method.  I 
have  one  of  my  own.  I  am  able  to  confirm  the  relative  ac- 
curacy of  Mr.  Way's  method  by  several  comparisons  with  the 
arsenic  method,  and  also  with  my  pet  method.  In  a  high 
sulphur  gas  containing  about  1,000  grains  of  sulphur,  the 
agreements  are  as  close  as  10  to  12  grains. 

The  other  method  referred  to,  consists  in  passing  one-tenth 
of  a  foot  of  gas  through  double  normal  caustic  soda,  and  a  wet 
meter,  adding  an  excess  of  boric  chloride  for  the  carbonate; 
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then   neutralizing   to   a   colorless   state,   with   normal    hydro- 
chloric acid  and  phenol-phthalein ;  then  titrating  with  iodine. 

I  think  his  use  of  cadmium  is  a  complication.  In  the  matter 
of  speed,  I  favor  this  method,  but  correction  for  temperature 
must  be  made. 

The  Chairman:  I  am  glad  one  pet  method  brings  out 
another,  and  I  hope  Dr.  Wing  will  describe  his  method  in  full, 
and  send  it  in. 

Mr.  E.  C.  Uhlig  (Brooklyn)  :  I  would  ask  Mr.  Tutwiler 
about  direct  iodine  titration.  We  have  heard  it  does  not 
work  with  water  gas.  In  the  case  of  water  gas,  a  prelim- 
inary blank  may  be  obtained  by  passing  a  purified  gas,  and 
making  a  direct  iodine  titration ;  and  this  applied  as  a  correc- 
tion to  an  unpurified  gas.  I  am  told  this  gives  reasonably 
accurate  results.     Can  that  be  verified? 

Mr.  Tutwiler:  Although  I  designed  the  apparatus  some 
15  years  ago,  I  have  added  a  great  deal  within  the  last  15 
minutes,  to  my  stock  of  information  in  reference  to  its  possi- 
bilities and  limitations.  The  apparatus  has  never  been  looked 
upon  by  us  as  giving  scientifically  accurate  results,  its  useful- 
ness being  dependent,  in  our  opinion,  upon  the  rapidity  with 
which  determinations  could  be  made  and  the  fact  that  the  error 
amounted  to  not  more  than  one  or  two  per  cent.  This  is  n^Ii- 
gible  when  tests  are  being  made  to  determine  the  efficiency  of 
purifiers ;  e,  g,,  if  the  inlet  of  the  purifier  shows  300  grains  of 
hydrogen  sulphide  per  100  cu.  ft.  and  the  outlet  100  grains,  it 
makes  little  practical  difference  whether  these  figures  are  cor- 
rect within  three  or  four  grains.  We  have  always  felt  that  the 
apparatus  is  correct  within  this  limit  of  two  or  three  per  cent. 
I  personally  would  like  very  much  to  see  the  result  of  com- 
parative tests  between  the  two  methods. 

Mr.  Harper  :  We  make  a  very  rich  gas  in  Chicago,  and  we 
find  that  an  absolutely  purified  gas,  that  is  purified  from  hydro- 
gen sulphide,  tested  with  the  Tutwiler  apparatus  will  show  an 
error  of  about  three  grains. 

Mr.  Tutwiler  :    That  might  have  been  due  to  the  fact  that 
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a  certain  small  amount  of  iodine  is  used  up,  even  if  you  are 
operating  on  pure  air ;  a  correction  factor  is  therefore  required. 
This  factor  is  equivalent  to  one  or  two  grains. 

Mr.  Uhug:  Is  not  some  of  the  iodine  taken  up  by  the 
unsaturated  hydrocarbons  in  the  gas? 

Dr.  a.  H.  Eluott  (Flushing,  N.  Y.)  :  If  you  look  in  the 
Tounial  of  the  London  Chemical  Society  for  the  year  1869, 
you  will  find  I  used  this  method  for  determining  sulphur  in 
::ast  iron;  and  I  did  it  then  as  I  would  do  it  now;  that  is  to 
say,  I  used  jpure  chemicals.  It  is  perfectly  simple  if  you  take 
pure  caustic  sodium  hydroxide.  And  it  is  perfectly  feasible 
to  pass  the  gas  through  that,  and  have  a  solution  of  sodium 
sulphide  in  there  which  you  dilute  to  a  large  volume.  I  think 
it  contains  0.05  or  less  than  0.05  gram  of  sulphureted  hydrogen 
in  the  liter. 

If  you  take  pure  sodium  hydroxide,  made  from  metallic 
sodium,  dilute  at  once  to  a  volume  of  about  one  liter,  with  water 
free  from  air — good  distilled  water  is  free  from  air — then 
acidify  with  chemically  pure  hydrochloric  acid,  you  can  titrate 
and  get  your  results  with  iodine.  That  is  so  accurate  it  has  been 
used  since  many  years  for  determining  the  sulphur  in  iron  and 
steel. 

Now,  it  is  not  at  all  necessary  to  use  cadmium  chloride  if 
you  use  pure  chemicals;  but  if  you  do  not  use  pure  sodium 
hydroxide,  you  will  get  into  trouble,  as  ordinary  sodium 
hydroxide  has  a  content  which  uses  up  the  iodine.  In  gas  we 
have  a  little  difficulty  (but  that  can  be  overcome)  in  the  fact 
that  the  unsaturated  hydrocarbons  have  an  effect  which  you 
can  counteract.  When  you  are  using  the  hydrogen  sulphide 
solution  in  a  given  volume  (and  all  of  these  must  be  done  in 
uniform  volumes),  you  must  dilute  your  sodium  solution,  and 
get  a  definite  volume  of  starch,  and  chemically  pure  hydro- 
chloric acid  in  it.  As  soon  as  your  iodine  begins  to  give  a  blue 
color,  it  takes  a  little  excess  of  the  iodine,  but  as  soon  as  there 
is  a  little  coloring  matter  formed  in  the  solution,  giving  a  blue 
green,  it  must  be  stopped;  and  then  it  is  extremely  accurate. 
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It  is  to-day  used  in  many  iron  works  for  determining  the 
sulphur  in  iron  and  steel.  The  iron  is  dissolved  and  the  hydro- 
gen sulphide  is  evolved  with  the  other  gases,  and  passed  into 
sodium  hydroxide. 

I  mention  that  to  corroborate  Mr.  Way's  method.  It  is 
perfectly  accurate  and  more  so  than  anything  else  I  know. 

The  Chairman  :  I  do  not  like  to  get  off  from  the  discus- 
sion of  Mr.  Way's  paper  if  there  is  anyone  else  who  wishes  to 
make  remarks  on  it.  If  there  is  not,  we  will  call  on  Mr.  Way 
for  anything  he  has  to  say  in  closing  the  discussion. 

Mr.  Way:  Of  course  the  rubber  stoppers  do  wear.  The 
gas  being  put  into  these  bottles  under  pressure,  the  stopper 
must  be  fitted  rather  strongly,  and  it  will  harden  so  that  after 
a  little  while  it  must  be  pushed  in  tighter  to  make  it  fit  snugly, 
but  it  is  easy  to  calibrate  to  a  new  mark  on  the  stopper. 

As  to  the  other  chemicals  to  be  used,  Dr.  Elliott  has  covered 
that  point.  This  was  not  given  as  something  new.  I  spent 
several  years  in  a  steel  works  laboratory;  and  that  is  where  I 
got  the  idea  of  the  titration  of  hydrogen  sulphide  with  iodine, 
which  Dr.  Elliott  speaks  of. 

In  comparison  with  other  methods,  I  think  Dr.  Wing  has 
practically  answered  Mr.  Tutwiler's  question  on  that.  We 
have  tried  it  by  two  or  three  methods  on  simultaneous  samp- 
ling, and  when  we  were  handling  gas  of  1,600  grains  of  hydro- 
gen sulphide  per  100  ft.,  we  were  getting  then,  by  two  or  three 
different  methods,  a  variation  of  10  grains,  or  something  like 
that  in  our  determination. 

Dr.  Wing  said  he  was  on  the  other  side  of  the  fence  from 
me.  I  do  not  care  to  state,  therefore,  as  to  which  of  these  is 
the  accurate  one  and  which  is  the  speedy  one.  The  doctor 
said  he  used  a  wet  meter.  I  would  suggest  if  he  has  enough 
men  to  carry  these  meters  around,  that  his  method  has  some 
degree  of  speed. 

Mr.  R.  S.  McBride  (Washington.  D.  C.)  :  (Communicated 
for  the  Bureau  of  Standards  after  the  close  of  meeting.)  We 
do  not  wish  to  appear  to  unduly  criticise  this  article  since  most 
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3f  the  points  of  which  we  make  mention  are  not  of  serious 
::onsequence,  but  knowing  the  desire  of  the  Institute  to  have 
all  of  the  methods  contained  in  these  proceedings  of  a  standard 
nature,  we  thought  the  suggestions  below  might  be  of  interest : 

The  apparatus  for  collecting  the  sample  could  be  made  more 
accurate  and  still  be  equally  convenient  if  a  narrow-mouth 
bottle  were  used  instead  of  the  wide-mouth  bottle  recom- 
mended. This  is  desirable  in  order  to  reduce  the  variation  in 
the  volume  of  the  bottle  incident  to  inserting  the  stopper  to 
different  points.  Although  the  neck  of  the  bottle  may  be 
marked  as  suggested,  it  is,  of  course,  impossible  to  exactly 
adjust  the  stopper,  and  the  discrepancy  will  be  least  if  the  neck 
be  narrow. 

It  might  also  be  of  advantage  to  have  glass  stop  cocks  on 
the  inlet  and  outlet  tubes,  since  this  would  prevent  any  varia- 
tion in  volume  due  to  displacement  of  pinch  cocks  on  rubber 
tubes.  Of  course,  a  glass  stop  cock  would  also  reduce  the  like- 
lihood of  leakage. 

On  the  second  line  of  page  165  it  is  stated  that  the  bottle 
including  the  tubes  up  to  the  pinch  cock  is  calibrated  at  60°  F. 
It  should  be  noted  that  the  temperature  at  which  calibration  is 
made,  is  a  minor  matter.  Would  it  not  be  well  to  indicate  the 
method  of  calibration  by  stating  somewhat  as  follows?  "The 
bottle  is  calibrated  by  weighing  it  when  empty  and  when  filled 
completely  with  distilled  water,  determination  of  the  capacity 
being  made  by  calculation  from  tables  showing  the  weight  of 
I  cc.  of  water  at  the  temperature  used  in  calibration." 

In  describing  the  taking  of  the  sample,  it  is  stated  that  filling 
the  bottle  under  slight  pressures  "insures  a  pressure  in  the 
bottle."  However,  if  the  laboratory  is  cooler  than  the  place 
where  the  sample  is  taken,  the  procedure  described  might  not 
provide  enough  gas  to  give  an  excess  of  pressure  above 
atmospheric  at  the  time  of  the  adjustment  of  the  quantity  of 
gas  in  the  bottle.  Furthermore,  the  method  described  permits 
considerable  uncertainty  as  to  when  the  temperature  of  the 
sample  has  reached  room  temperature.    For  these  reasons,  we 
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have  felt  that  a  variation  of  procedure  might  be  desirable. 
The  modified  procedure  would  be  as  follows:  "After  filling 
the  bottle  by  streaming  the  gas  through  it  as  described,  close 
the  stop  cocks,  the  inlet  one  first,  thus  enclosing  the  gas  at 
exactly  atmospheric  pressure  and  at  the  temperature  of  the 
bottle.  The  temperature  indicated  by  the  thermometer  in  the 
bottle  and  the  barometric  pressure  at  the  time  of  taking  the 
sample  should  be  noted  as  the  conditions  under  which  the  gas 
is  measured,  correction  being  made  to  standard  conditions 
(60°  F.  and  30  in.  of  mercury)  if  desired."  This  procedure 
would  eliminate  the  variation  due  to  changes  in  atmospheric 
pressure  which  should  be  taken  into  account  for  any  accurate 
work,  but  which  are  not  taken  into  account  by  the  procedure 
given  in  the  original  article.  It  eliminates  uncertainties  as  to 
temperature  in  the  bottle  and  does  away  with  correction  for 
the  yi  in.  seal  referred  to. 

It  is  probably  unnecessary  to  go  through  the  rather  compli- 
cated procedure  of  taking  out  some  of  the  gas  in  order  to 
introduce  the  cadmium  chloride  solution.  The  solution  can 
easily  be  introduced  from  a  leveling  bottle  connected  to  one  of 
the  gas  tubes  by  elevating  the  leveling  bottle  sufficiently  to 
overcome  the  resistance  of  the  gas  to  compression.  To  intro- 
duce 30  cc.  of  solution  in  a  bottle  of  2,000  cc.  capacity  would 
require  the  leveling  bottle  to  be  raised  only  a  few  inches.  This 
procedure  would  probably  be  better,  since  removing  some  of 
the  gas  and  returning  it  gives  considerable  opportunity  for 
leakage  of  gas  and  contamination  of  the  sample. 

The  use  of  ammoniacal  cadmium  chloride  solution  is  unde- 
sirable since  it  would  make  the  results  obtained  too  high.  The 
ammoniacal  solution  reacts  not  only  with  hydrogen  sulphide 
but  also  with  carbon  bisulphide  to  form  a  thiocarbonate  which 
in  turn  liberates  hydrogen  sulphide  and  effects  the  titration. 
A  neutral  solution  of  perhaps  five  per  cent,  strength  would  ab- 
sorb all  of  the  hydrogen  sulphide  and  would  be  free  from  this 
objection.  It  is  recommended,  therefore,  that  a  neutral  cad- 
mium chloride  solution  be  prescribed. 
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In  filtering  the  solution,  it  is  not  necessary  to  use  a  "dry 
filter."  It  would  be  best  to  use  an  asbestos  filter  since  the 
asbestos  would  not  be  acted  upon  by  the  iodine  during  titra- 
tion as  is  the  case  with  a  filter  of  paper.  However,  the  objec- 
tion to  use  of  paper  for  the  filter  is  not  a  serious  one  provided . 
the  filter  paper  is  not  allowed  to  come  in  contact  with  a  strong 
iodine  solution. 

The  use  of  commercial  hydrochloric  acid  as  prescribed  is  not 
permissible  since  it  almost  always  contains  iron  in  the  ferric 
condition  which  would  in  effect  act  like  iodine.  If  arsenic  or 
free  halogen  were  present,  they  also  would  cause  irregularities. 
High  grade  acid  should  be  used  for  this  work  as  the  errors 
caused  by  commercial  grades  might  be  considerable. 

The  directions  for  titration  procedure  demand  some  modi- 
fication to  prevent  considerable  irregularities  in  the  results. 
Such  irregularities  might  not  be  detected  by  making  duplicate 
'determinations,  since  by  following  the  same  procedure,  uni- 
form but  inaccurate  results  might  easily  be  obtained.  The 
following  procedure  is  suggested:  To  the  precipitate  in  the 
bottle  there  are  added  in  the  order  given  300  cc.  of  distilled 
water,  25  cc.  1:1  hydrochloric  acid  and  a  slight  excess  of 
1/20  normal  iodine  solution.  The  contents  of  the  bottle  are 
mixed  by  shaking  and  the  walls  and  the  gas  connection  tubes 
rinsed  down  with  distilled  water.  One-twentieth  normal 
sodium  thiosulphate  solution  is  then  added  slowly  with  stirring 
until  the  yellow  color  due  to  the  iodine  has  almost  disappeared ; 
then  3  cc.  of  fresh  starch  solution  are  added  and  the  titration 
with  thiosulphate  continued  until  the  blue  color  just  disappears. 

In  the  calculation  as  indicated  above,  correction  should  be 
made  not  only  for  temperature,  but  also  for  variation  in  baro- 
metric pressure  since  this  latter  factor  may  be  considerable. 

If  desired  to  get  only  an  approximate  and  more  rapid  test 
than  above  indicated,  the  filtration  may  be  omitted  and  a  blank 
test  run  using  a  sample  of  gas  which  is  freed  from  hydrogen 
sulphide  by  bubbling  it  through  a  solution  of  copper  sulphate 
or  other  suitable  reagent.    The  amount  of  iodine  consumed  in 
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such  blank  test  would  correspond  to  that  reacting  with  the 
unsaturated  hydrocarbons  and  other  substances  which  might 
be  dissolved  in  the  reagents.  This  amount  would  be  sub- 
tracted from  the  amount  consumed  in  the  regular  tests  to  cor- 
.  rect  for  this  action  of  the  hydrocarbons. 

The  formula  for  preparing  the  neutral  cadmium  chloride 
solution  would  be  very  simple,  merely  50  grams  crystallized 
cadmium  chloride  in  950  cc.  of  water,  this  giving  a  solution 
five  per  cent,  by  weight  of  cadmium  chloride  with  two  mole- 
cules of  water. 

Mr.  Way:  (Rejoinder  to  Mr.  McBride.)  The  Bureau  of 
Standards  has  with  its  characteristic  attention  to  minute  de- 
tail, suggested  certain  alterations  in  this  method,  to  make  of 
it  a  means  of  determining  the  hydrogen  sulphide  in  gas  with 
a  greater  degree  of  refinement  than  was  originally  intended 
by  me  or  than  the  exigencies  of  ordinary  works  practice  de- 
mand. 

Our  problem  was  to  devise  a  method  whereby  we  could  get 
the  relative  efficiency  of  twelve  or  more  purifying  boxes  in  the 
shortest  possible  time,  with  a  degree  of  accuracy  within  five  or 
ten  grains  per  100  cu.  ft.  No  finer  degree  of  accuracy  was 
sought,  nor  would  it  be  of  any  practical  use. 

The  bottles  in  use  have  a  neck  capable  of  holding  a  No.  10 
rubber  stopper.  This  is  not  very  large,  though  a  narrower 
one  would,  I  admit,  lessen  the  discrepancy  in  measurement  due 
to  the  wearing  or  hardening  of  the  stopper.  We  have  tried 
glass  stop  cocks,  but  with  little  success. 

Given  a  $2.00  man  with  twelve  of  these  large  bottles 
equipped  with  glass  stop  cocks  to  carry  around  the  works  and 
manipulate,  the  chances  of  retaining  your  stock  of  glass  cocks 
are  remote.  We  found  also  that  the  glass  cocks  would  not 
stand  cold  weather.  *At  a  temperature  not  much  below  freez- 
ing the  core  of  the  glass  cock  will  crack,  and  after  having  lost 
ten  of  these  in  one  day  and  several  more  on  succeeeding  days 
during  a  cold  snap,  the  glass  stop  cocks  were  abandoned. 

In  speaking  of  the  calibration,  I,  perhaps,  did  not  make  my 
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meaning  clear.  It  is  simply  that  the  number  of  cubic  centi- 
meters of  gas  at  60°  F.  and  30  in.  of  mercury,  that  the 
bottle  will  hold,  is  determined  by  calibration.  As  a  matter  of 
fact  our  procedure  is  exactly  as  the  Bureau  of  Standards  sug- 
gests. 

Their  modified  procedure  in  taking  the  sample  is  a  point 
that  is  well  taken  and  I  willingly  accept  the  amendment. 

It  is  perfectly  true  that  it  is  unnecessary  to  draw  out  some 
of  the  gas  in  order  to  introduce  the  cadmium  chloride,  and 
in  general  we  do  not  do  so ;  but  I  have  more  than  once  seen  a 
man  trying  to  introduce  30  cc.  of  cadmium  chloride  solution 
into  the  bottle  from  a  burette  which  contained  only  30  cc. 
The  result  was  that  bubbles  of  gas  came  up  from  the  bottle 
through  the  burette  and  escaped.  For  this  reason  I  sug- 
gested the  removal  of  a  small  quantity  of  the  gas. 

We  have  tried  using  a  neutral  solution  of  cadmium  chloride, 
but  foimd  that  one  of  the  prime  objects  in  using  the  method 
was  defeated,  in  that  the  precipitation  requires  from  three  to 
five  times  as  long  to  make  as  with  the  ammoniacal  solution. 

As  to  the  action  of  carbon  bisulphide  on  the  ammoniacal 
cadmium  chloride,  our  experience  has  seemed  to  show  that 
this  reaction  requires  considerable  time.  A  bottle  full  of  car- 
bon bisulphide  vapor  into  which  ammoniacal  cadmium 
chloride  has  been  introduced  will  show  no  yellow  until  after 
the  lapse  of  15  minutes. 

It  is  indeed  unnecessary  to  use  a  dry  filter,  but  time,  the 
great  object,  is  saved  by  doing  so.  Not  only  is  the  time  which 
would  be  expended  in  fitting  the  filter  saved,  but  the  time  of 
filtering  is  shorter,  for  the  solution  will  certainly  run  through 
more  quickly  if  a  dry  paper  is  used.  The  use  of  an  asbestos 
filter  would  be  under  the  circumstances  a  needless  waste  of 
both  time  and  money. 

If  we  were  attempting  to  determine  the  hydrogen  sulphide 
to  the  fraction  of  a  grain,  I  would  not  recommend  the  use  of 
commercial  acid,  but  as  the  irr^^larities  caused  by  the  im- 
purities in  the  acid  can  be  no  greater  than  the  variations  in 
12 
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the  hydrogen  sulphide  content  of  the  gas  that  are  momen- 
tarily occurring,  it  would  seem  like  a  needless  expense  to  use 
high  grade  acid. 

The  modification  in  procedure  in  the  titration  is  well  put  and 
is  conducive  to  greater  accuracy.  As  to  the  cmiission  of  the 
filtering  process  and  titrating  directly:  This  is  not  admissible 
when  an  ammoniacal  solution  is  used,  and  as  our  experience 
seems  to  show  that  the  neutral  solution  is  too  slow,  filtration 
has  become  quite  necessary. 

I  am  glad  that  the  Bureau  of  Standards  has  deemed  it 
worth  while  to  make  these  comments  for  it  shows,  I  think, 
that  a  method  which  was  designed  only  for  speed  and  com- 
parative approximations  may  be  so  modified  as  to  make  its 
use  possible  for  exact  determinations. 

The  Chairman  :  The  next  paper  is  by  Mr.  F.  W.  Steere, 
of  Detroit,  on  "An  Electrical  Process  for  Detarring  Gas." 

AN  ELECTRICAL  PRCM:ESS  FOR  DETARRING  GAS. 

The  object  of  this  paper  is  to  give  a  brief  outline  of  the 
development  of  a  commercial  process  for  the  precipitation  of 
suspended  particles  from  gas  by  high  tension  alternating  cur- 
rent, and  the  practical  application  of  this  process  to  the  re- 
moval of  tar  from  coal  gas  and  from  producer  gas. 

As  the  early  experiments  with  high  tension  discharges  for 
precipitating  suspended  matter  from  gases  have  been  reviewed 
quite  thoroughly  in  recent  articles  by  Prof.  W.  W.  Strong, 
Dr.  Cottrell  and  others,  only  a  brief  mention  of  them  will  be 
made  here.  The  phenomenon  seems  to  have  been  first  dis- 
covered as  early  as  1825,  but  very  little,  if  any,  effort  was 
made  to  make  practical  use  of  it.  From  the  first  the  precipi- 
tation of  smoke  seems  for  the  most  part  to  have  claimed  the 
attention  of  experimenters.  The  possibilities  of  separating 
gold,  silver  and  other  metals  carried  in  smelter  fumes  in  a 
finely  divided  state,  and  the  precipitation  of  acid  fumes  from 
•  smelters  have  also  been  fertile  fields  for  inventors  for  years, 
the  first  patents  having  been  issued  as  early  as  1886. 

The  question  is  naturally  asked  why  this  method  of  purify- 
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ing  gases  has  not  long  since  been  in  commercial  use.  Possibly 
the  answer  is  found  in  the  fact  that  although  the  phenomenon 
may  be  readily  demonstrated  on  a  laboratory  scale  with  very 
simple  apparatus,  many  serious  difficulties  were  encountered 
in  the  various  attempts  to  develop  commercial  apparatus  em- 
bodying the  same  principles,  but  capable  of  continuous  opera- 
tion with  little  attention.  A  beautiful  demonstration  may  be 
given  with  a  hand  operated  static  machine  discharging  in  a 
glass  cylinder,  or,  on  a  larger  scale,  with  an  X-ray  outfit  dis- 
charging from  wires  suspended  in  ordinary  piping,  etc.  Such 
work,  however,  is  hardly  the  first  step  towards  the  solution 
of  the  problem  of  a  complete  installation  doing  service  and 
earning  dividends  365  days  in  the  year  under  the  conditions 
found  for  instance,  in  the  ordinary  gas  plant. 

The  process  recently  developed  by  Dr.  Cottrell  shows  what 
can  be  accomplished  in  precipitating  dust.  The  Cottrell  pro- 
cess consists  in  rectif)ring  high  tension  alternating  current  on 
rotating  switches  driven  by  synchronous  motors,  giving  an  in- 
termittent unidirectional  discharge.  A  plant  using  this  pro- 
cess has  recently  been  completed  for  precipitating  the  dust 
from  the  cement  works  of  the  Riverside  Portland  Cement 
Company,  Crestmore,  Cal.,  and  according  to  recent  reports  is 
giving  excellent  results. 

Herbert  A.  Humphrey  seems  to  have  been  the  first  to  use 
high  tension  electric  discharges  to  precipitate  tar.  Prior  to 
1897  we  learn  that  Mr.  Humphrey  was  using  a  static  discharge 
within  a  small  glass  vessel  through  which  he  passed  a  known 
volume  of  gas,  for  making  quantitative  determinations  of  the 
tarry  matter  carried  by  the  gas. 

In  191 1  work  was  started  along  these  lines  in  the  research 
laboratories  of  the  University  of  Michigan  at  the  suggestion 
of  Professor  A.  F.  White.  This  work  consisted  for  the  most 
part  in  repeating  the  experiments  of  the  early  investigators 
and  in  attempting  to  apply  the  Cottrell  process  to  the  precipi- 
tation of  tar  from  coal  gas.  The  results  of  these  preliminary 
investigations  were  given  to  the  gas  fraternity  in  a  paper  en- 
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titled  "The  Electrical  Separation  of  Tar  from  Coal  Gas,"  by 
A.  F.  White,  J.  W.  Hacker,  F.  W.  Steere,  which  appears  in 
the  Proceedings  of  the  Michigan  Gas  Association  for  191 2. 


Electrical  Detarring  Process  in  Operation  at  the  Ford  Motor  Company, 
Detroit,  Michigan. 

The  author  while  engaged  in  this  research  work  at  the  Uni- 
versity of  Michigan  became  convinced  that  with  a  suitable  ar- 
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rangement  of  electrodes  and  apparatus,  alternating  current 
might  be  used  instead  of  rectified  current.  The  complica- 
tions and  difficulties  of  rectifying  alternating  current  of  from 
40,000  to  80,000  volts  on  synchronous  motor  driven  rotating 
switches  will  be  readily  appreciated.  No  gas  man  would 
relish  the  idea  of  having  such  an  outfit  as  a  part  of  his  plant 
equipment  to  be  looked  after  by  the  average  operator,  especi- 
ally in  those  states  having  Workmen's  Compensation  Laws. 
By  the  use  of  alternating  current  the  synchronous  motors  and 
rotating  switches  would  be  eliminated  as  well  as  the  leads 
carrying  the  high  tension  current  from  the  transformer  to 
the  rectifier  and  from  the  rectifier  to  the  electrode  con- 
nections. Further,  with  the  simple  use  of  alternating  current 
the  transformer  may  be  mounted  on  the  ionizer,  one  terminal 
may  be  grounded  and  the  other  connected  directly  to  the 
electrode  terminal.  With  the  terminals  and  connections  com- 
pletely enclosed  so  that  no  high  tension  parts  would  be  exposed, 
and  with  no  moving  parts  requiring  attention  or  inspection, 
the  element  of  danger  would  be  absolutely  eliminated. 

An  opportunity  was  provided  at  the  Detroit  plant  of  the 
Semet-Solvay  Company  to  work  out  these  ideas  and  develop 
the  theory  on  which  this  work  is  based.  This  theory  although 
far  from  complete,  has  proven  sufficiently  accurate  to  guide 
us  in  perfecting  a  detarring  process  which  is  in  commercial 
use  to-day. 

In  attempting  to  briefly  outline  the  electrical  action,  we  must 
keep  in  mind  first  that  the  gas  molecules  themselves  possess 
both  positive  and  negative  electrical  constituents  which  can  be 
separated  by  X-rays,  beta  and  gamma  rays  of  radium,  brush 
discharge  from  points,  corona  discharge  from  wires  raised  to 
high  potential,  ultra  violet  light,  etc.  This  process  of  sep- 
arating neutral  gas  molecules  into  electrically  charged  parts 
or  ions  is  called  "ionization."  It  is  outside  the  scope  of  this 
paper  to  attempt  to  discuss  the  ionic  theory,  but  it  should  be 
noted  that  ions  as  such  are  very  unstable  and  cease  to  exist, 
that  is,  recombine  to  form  neutral  molecules,  almost  the  in- 
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stant  they  are  outside  the  ionizing  influence.  A  very  few 
molecules  are  continually  splitting  up,  presumably  because  of 
the  trace  of  radio-active  substances  found  in  most  gases  as 
well  as  in  the  atmosphere. 

Prof.  Millikan  of  the  University  of  Chicago  has  studied  the 
movements  of  a  small  drop  of  oil  between  two  oppositely 
charged  condenser  plates  when  attacked  by  atmospheric  ions.* 
The  drop  receives  a  charge  when  atomized,  so  by  throwing 
on  and  off  the  electrical  field,  the  drop  is  made  to  beat  up 
and  down  between  the  plates.  The  instant  an  ion  attaches 
itself  to  the  drop  the  fact  is  made  known  to  the  observer  by 
its  change  in  speed,  this  change  depending  on  the  sign  of  the 
ion  and  the  charge  on  the  drop.  The  important  and  inter- 
esting thing  to  note  is  that  with  over  a  thousand  drops  studied 
in  this  way,  the  change  of  speed  was  always  exactly  propor- 
tional to  the  number  of  ions  attached  to  the  drop. 

I^t  us  recall  that  there  are  about  27  billion  molecules  in  one 
cubic  centimeter  of  ordinary  air  and  that  each  molecule  may 
be  separated  into  at  least  two  ions.  When  just  one  of  the 
possible  54  billions  ions  per  cubic  centimeter  attached  itself 
to  the  oil  drop  it  instantly  caused  an  appreciable  change  in  its 
velocity.  Imagine  then  the  violence  with  which  this  drop 
would  have  been  thrown  about  if  all  the  molecules  surround- 
ing it  had  been  ionized. 

This  is  just  the  condition  we  bring  about  in  the  electrical 
detarrer.  The  gas  carrying  the  minute  tar  globules  is  swept 
into  an  intense  ionizing  field.  Billions  of  gas  molecules  on 
every  side  are  being  torn  apart.  The  resulting  ions  rush 
madly  about  in  their  effort  to  recombine.  The  unsuspecting 
tar  globules  find  themselves  in  a  storm  center  of  unseen  forces 
hurling  them  in  every  direction.  The  time  occupied  in  the 
passage  of  the  tar  particles  through  the  electric  field  is  brief  and 
it  might  naturally  be  supposed,  as  it  heretofore  has  been,  that  an 
aimless  to  and  fro  movement  of  them  would  be  the  result 
of  the  applied  energy.     It  would,  however,  be  hard  to  con- 

*  "The  oil  Drop  Method  of  Stadying  Electrical  Phenomena  in  Gaset,*'  R.  A. 
Millikan,  Trans.  American  Blectrochemical  Society,  Vol.  XXI,  1912. 
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ceive  of  a  condition  more  favorable  to  impact  between  tar 
particles,  and  experience  shows  that  either  because  of  this 
impact,  or  for  some  reason  as  yet  unknown,  agglomeration 
results  and  the  dense  tar  mist  is  almost  entirely  dissipated 
leaving  a  relatively  few  large  tar  drops  in  its  place.  This 
rather  figurative  description  will  seem  more  real  to  those  who 
have  witnessed  this  remarkable  phenomenon  within  a  glass 
vessel  filled  with  dense  fumes  or  fog.  The  instant  the  current 
is  turned  on,  the  whole  field  can  be  seen  to  clarify.  The  com- 
mercial importance  of  this  becomes  more  apparent  when  we 
realize  that  this  action  can  be  brought  about  at  almost  any 
desired  temperature. 

No  attempt  is  made  to  free  the  gas  of  these  agglomerated 
tar  particles,  while  it  is  still  in  the  ionizing  field.  The  appara- 
tus is  so  arranged  that  everything  is  swept  on  through  into 
some  form  of  mechanical  extractor  where  a  complete  removal 
is  affected  with  very  little  power  loss.  The  Doherty  Centri- 
fugal Tar  Extractor  worked  very  well  to  accomplish  this ;  the 
old  type  P  and  A  machine  also  became  a  very  efficient  tar 
extractor  when  placed  after  the  ionizer. 

The  whole  process  may  be  summed  up  in  this :  It  is  prac- 
tically impossible  to  free  the  gas  from  tar  in  the  extremely 
fine  state  of  subdivision  which  naturally  results  from  rapid 
condensation.  There  is  no  difficulty  in  removing  relativelv 
large  drops,  and  the  electrical  treatment  simply  converts  the 
fine  mist  into  the  large  drops. 

A  diagramatic  sketch  of  the  experimental  plant  built  at  the 
Detroit  Coke  Ovens  is  shown  in  the  accompanying  cut.  The 
plant  was  not  built  complete  as  shown  here  at  first,  but  was 
added  to  and  altered  as  the  work  progressed.  The  course  of 
the  gas  may  be  readily  seen  by  referring  to  the  cut.  From 
the  hydraulic  main  the  gas  passed  either  to  a  small  washer- 
cooler  A  or  by-passed  this  directly  to  the  ionizer,  depending 
on  the  temperature  desired  for  the  test.  After  the  ionizer 
came  the  mechanical  extractor  of  which  various  types 
were  tried.    This  apparatus  was  all  on  the  suction  side  of  the 
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aotor  driven  exhauster.  Following  the  exhauster  was  a 
econd  washer-cooler  B,  where  the  final  cooling  was  effected. 
Measurements  of  the  gas  volume  were  made  with  a  Venturi 
aeter.  The  capacity  of  the  plant  was  about  30,000  cubic  feet 
►f  gas  per  hour.  All  work  was  done  on  the  rich  gas,  that  is, 
he  gas  given  off  during  the  first  six  or  eight  hours  of  the 
oking  period.  To  insure  complete  recovery  of  ammonia  and 
n  .other  respects  to  duplicate  as  far  as  possible  the  condens- 
ng  system  used  at  the  Detroit  coke  oven  plant,  two  sets  of 
:ooling  coils  were  used,  one  for  cooling  the  circulating  liquor 
:rom  washer-cooler  A  and  from  the  mechanical  extractor 
vhen  liquor  was  circulated  through  it,  and  one  set  for  the  cir- 
:ulating  liquor  from  washer-cooler  B.  The  make  up  water  was 
idded  to  the  B  system  and  overflowed  to  the  A  system. 
A^hen  the  A  liquor  was  up  to  strength,  it  was  pumped  to  the 
Yeak  liquor  storage  tank. 

Extensive  use  was  made  of  the  filter  paper  method  of 
studying  the  condensed  matter  carried  by  the  gas.  This  con- 
sists of  aspirating  a  known  quantity  of  gas  through  two 
thicknesses  of  filter  paper,  the  resulting  stain  indicating  rela- 
tively the  quantity  and  to  some  extent  the  quality  of  the  sus- 
[)ended  matter.  With  the  ordinary  methods  of  condensing 
and  cleaning,  quantitative  determinations  by  this  method  are 
unreliable,  especially  with  producer  gas,  as  an  appreciable 
quantity  of  the  very  fine  tar  mist  will  pass  readily  through 
two  thicknesses  of  filter  paper.  When  the  gas  carries  large 
quantities  of  tar  mist,  the  aspirator  bottle  will  be  full  of  the 
dense  brown  fog  which  has  passed  through  the  papers.  Over 
1,200  of  these  tests  were  taken  in  the  course  of  this  work  and 
although  practically  white  papers  were  taken,  we  believe  we 
have  more  reliable  and  conclusive  evidence  of  the  complete- 
ness of  the  detarring  which  will  be  mentioned  later. 

The  best  results  were  obtained  with  the  gas  entering  the 
ionizer  at  a  temperature  of  from  65°  to  80°  C.  (149**  to 
176°  F.).  There  was  every  indication,  however,  that  with  a 
gfas  not  saturated  with  water  vapor,  the  electrical  action  would 
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be  fully  as  effective  at  very  much  higher  temperatures.  Since 
this  action  is  purely  electro-mechanical  in  so  far  as  it  affects 
the  tar,  the  higher  the  temperature  of  ionization  the  more 
condensate  will  come  down  with  the  subsequent  cooling.  If 
the  lower  temperature  condensates  proved  troublesome,  a  sec- 
ond treatment  at  a  lower  temperature  could  be  used. 

A  very  interesting  development  was  the  effect  on  the  gas- 
man's old  enemy,  naphthalene.  Naphthalene  by  itself  in  the 
gas  works,  is  quite  a  harmless  and  possibly  valuable  by-pro- 
duct. The  trouble  is  all  in  the  company  it  keeps ;  when  mixed 
with  enough  tar  to  act  as  a  binder,  it  is  exceedingly  trouble- 
some, but  when  the  tar  is  removed  before  the  naphthalene 
condenses  in  appreciable  quantities,  the  real  cause  of  the 
trouble  is  eliminated  This  segregation  was  brought  about  as 
follows:  Washer-cooler  B  was  sealed  in  a  barrel  through  a 
3-inch  pipe.  The  circulating  liquor  was  drawn  from  the 
bottom  of  this  barrel,  cooled  in  pipe  coils  and  returned  to  the 
top  of  the  apparatus.  It  was  found  that  with  the  foul  gas  en- 
tering the  ionizer  at  about  70"*  C.  (158°  F.)  the  naphthalene 
vapor  was  condensed  in  washer-cooler  B,  where  the  gas  was 
cooled,  and  the  crystals  were  carried  out  of  the  apparatus 
through  the  3-inch  pipe  with  the  liquor  into  the  seal  barrel, 
and  immediately  came  to  the  surface.  The  separation  of  the 
crystals  and  liquor  even  in  this  small  vessel  was  almost  per- 
fect. After  several  weeks*  run  there  was  not  the  slightest 
indication  of  any  deposit  in  the  cooling  coils  or  liquor  lines. 
The  gas  was  cooled  in  washer-cooler  B  to  from  16°  C.  to 
25°  C.  (60°  to  yy""  F.).  Picric  acid  tests  which  were  run 
to  determine  the  naphthalene  carried  by  the  washed  and  cooled 
gas,  checked  invariably  with  the  tables  giving  the  theoretical 
naphthalene  saturation  at  the  observed  temperature. 

The  whiteness  of  the  naphthalene  crystals  recovered  and  the 
fact  that  there  was  absolutely  no  indication  of  any  deposit  in 
the  coils  or  pipe  lines,  we  consider  proof  conclusive  of  the 
complete  freedom  from  tar. 

Although  at  present  naphthalene  is  a  drug  on  the  market  it 
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possesses  so  many  of  the  characteristics  of  an  ideal  fuel  for 
certain  power  purposes  we  are  confident  that  it  will  become 
an  important  factor  when  there  is  a  sufficient  and  dependable 
supply  available.  The  farm  tractor  seems  to  offer  an  at- 
tractive field  for  investigation  along  these  lines,  especially  in 
view  of  the  success  with  which  naphthalene  is  being  used  as 
an  internal  combustion  engine  fuel  abroad. 

The  two  most  valuable  constituents  of  commercial  light  oil 
are  benzol  and  toluol.  The  absorbing  power  of  tar  for  these 
oils  increases  as  the  temperature  decreases.  With  the  tar  as 
a  fine  mist  the  surface  of  contact  between  the  tar  and  conden- 
sable hydrocarbon  vapors  is  a  maximum.  It  follows  theor- 
etically that  if  the  tar  mist  is  agglomerated  to  larger  particles 
at  relatively  high  temperatures  the  tendency  for  these  oils  to 
become  absorbed  by  the  tar  is  greatly  reduced,  and  if  this  is 
followed  immediately  by  a  complete  removal  of  the  tar,  this 
absorption  of  light  oil  by  tar  is  reduced  to  a  minimum.  Con- 
siderable work  was  done  along  these  lines  which  undoubtedly 
established  this  theory  within  the  range  of  our  observations. 
Unfortunately  we  were  unable  to  get  gas  above  80**  C. 
(176°  F.)  entering  the  ionizer,  but  analysis  showed  that  the 
tar  precipitated  with  the  gas  entering  the  ionizer  at  this  tem- 
perature, contained  but  a  trace  of  light  oil,  while  the  gas 
tested  simultaneously,  showed  the  highest  light  oil  content. 
Light  oil  is,  of  course,  not  made  by  this  process,  but  these 
experiments  have  shown  beyond  a  reasonable  doubt  that  the 
percentage  of  light  oil  carried  by  the  gas  and  hence  its  illu- 
minating power  can  be  very  materially  increased.  In  coke 
oven  practice  this  has  a  distinct  commercial  importance  with 
the  increasing  value  of  benzol  as  a  motor  fuel,  and  of  toluol, 
for  use  in  the  manufacture  of  explosives. 

Cleaning  producer  gas  for  use  in  gas  engines  is  one  of 
the  later  developments  of  this  process.  Producer  gas  tar  is 
very  much  more  pitchy  than  coke  oven  tar  and  the  tar  mist 
particles  hardened  at  very  much  higher  temperature.  The  tar 
mist  carried  by  this  gas  when  rapidly  condensed,  as  is  necessary 
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in  a  compact  plant,  was  found  to  be  in  such  an  extremdy  fine 
state  of  subdivision  that  a  large  per  cent,  of  the  tar  passed 
readily  through  two  thicknesses  of  filter  paper.  It  is  this 
extreme  fineness  and  relative  hardness  of  the  tar  particles 
which  makes  the  complete  cleaning  of  producer  gas  by  purely 
mechanical  means  a  physical  impossibility  without  an  exces- 
sive power  loss. 

Arrangements  were  made  with  the  Ford  Motor  Company  of 
Detroit  to  try  this  process  on  the  producer  gas  driving  their 
large  gas  engines.  At  the  outset  many  unlooked  for  difficul- 
ties were  encountered  which  required  considerable  time  and 
study  to  overcome.  Had  it  not  been  for  the  sportsmanlike  atti- 
tude shown  by  Mr.  Edward  Gray,  Chief  Engineer  and  De- 
signer of  the  engines,  in  giving  us  every  opportunity  to  study 
out  these  problems,  we  might  have  a  very  different  report  to 
make  at  this  time. 

The  electrical  process  was  eventually  put  in  run  at  the 
Ford  plant  the  21st  of  January,  1914,  and  up  to  this  date  has 
not  been  out  of  service  one  minute  while  the  plant  was  run- 
ning. All  the  difficulties  which  were  in  any  way  due  to  tar 
have  been  entirely  eliminated.  The  regular  operating  force 
start  up  and  stop  the  process  with  perfect  confidence  and  at  no 
time  has  it  required  any  special  attention. 

In  conclusion  I  wish  to  again  call  attention  to  the  fact  that 
this  method  of  attack  goes  to  the  source  of  all  the  difficulties, 
that  is,  the  almost  molecular  fineness  of  the  tar  particles  which 
persist  in  carrying  along  with  the  gas  in  defiance  of  all 
mechanical  scrubbers  and  washers.  An  enormous  amount  of 
time  and  study  has  been  required  to  bring  this  process  to  its 
present  stage,  but  notwithstanding  the  various  difficulties,  we 
now  have  in  commercial  operation  a  plant  which  requires  no 
attention,  is  self-cleaning  and  is  started  or  stopped  at  will  by 
the  regular  operators. 

The  value  of  this  electrical  detarring  process  to  the  illu- 
minating gas  industry  is  as  yet  problematic,  but  it  presents  some 
very  interesting  possibilities     Its  adoption  would  make  possi- 
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le  a  somewhat  higher  illuminating  power  with  a  given  gas 
han  is  obtained  from  the  same  gas  when  the  tar  is  removed 
a  the  usual  way.  By  its  use  followed  by  a  washer-cooler, 
ar-free  naphthalene  can  be  condensed  and  removed  from  the 
as  without  causing  stoppages  in  the  condensing  apparatus. 
?ht  tar  can  be  completely  removed  from  the  gas  at  any  de- 
ired  point  in  the  gas  condensing  and  scrubbing  system;  the 
omplete  removal  of  tar,  prior  to  condesing  the  gas,  .will  make 
relatively  clean  weak  liquor  possible.  For  the  by-product 
oke  oven  industry  the  process  promises  to  be  of  value  in 
onnection  with  the  direct  method  for  the  manufacture  of 
mmonium  sulphate,  as  well  as  for  its  possibilities  as  a  means 
or  recovering  naphthalene  and  increasing  the  yield  of  benzol 
nd  toluol.  The  commercial  plant  for  detarring  producer  gas 
^hich  has  now  been  in  continuous  and  successful  service  at 
le  Ford  Motor  Company  for  several  months  has  demon- 
trated  beyond  all  doubt  the  value  of  the  process  for  this 
ranch  of  the  industry.  With  these  possibilities  it  seems  not 
nlikely  that  this  process  may  eventually  play  an  important 
art  not  only  in  cleaning  producer  gas,  but  also  in  the  manu- 
icture  of  coal  gas. 

(Mr.  Steere  read  an  abstract  of  his  paper.) 

The  Chairman  :  Gentlemen,  you  have  heard  the  first  pres- 
itation  before  the  Institute  of  an  electrical  process  for  the 
jmoval  of  tar  from  gas.  This  is  probably  the  last  time  that 
le  Chemical  Section  of  the  Institute  will  have  a  chance  to 
3  much  with  this.  If  the  process  should  prove  successful, 
am  very  certain  the  gentlemen  in  the  Manufacturing  Section 
ho  have  been  inclined  to  reach  out  for  everything  they  could 
Dssibly  grab,  will  take  this  process  bodily  to  their  section.    If 

should  prove  to  be  of  no  value  to  the  gas  industry,  possibly 
lis  will  be  the  last  time  this,  or  any  other,  section  of  the  Insti- 
ite,  will  discuss  it. 

I  have  received  a  brief  written  discussion  of  this  paper  by 
rof.  A.  H.  White,  of  the  University  of  Michigan,  who,  as 
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you  all  know,  has  had  charge  of  the  Gas  Fellowship  work 
at  the  University  of  Michigan,  and  it  was  while  engaged  on 
the  Fellowship  work,  as  Mr.  Steere  said  in  his  paper,  that  his 
attention  was  drawn  to  this  problem. 

I  am  sure  you  will  be  glad  to  hear  what  he  has  to  say. 

Prof.  A.  H.  White  (Ann  Arbor,  Mich.)  :  (Written  discus- 
sion communicated.)  Mr.  Steere  deserves  the  greatest  praise 
for  the  inventive  ingenuity  and  care  with  which  he  has  worked 
out  his  process.  Starting  as  one  of  the  collaborators  in  our 
application  of  the  Cottrell  process  to  the  electrical  precipitation 
of  tar,  whose  further  development  has  been  recently  described 
("The  Electrical  Separation  of  Tar  from  Coal  Gas,"  Second 
Paper,  by  A.  H.  White,  R.  B.  Rowley,  and  C.  K.  Wirth,  Pro- 
ceedings Michigan  Gas  Association,  1914)  he  has  succeeded  in 
obtaining  a  similar  result  by  novel  methods.  These  two  sys- 
tems of  tar  precipitation  differ  in  method,  but  give  results 
which  are,  so  far  as  can  be  seen,  in  complete  agreement.  It 
has  been  proven  that  all  suspended  particles  can  be  removed 
from  gas  with  small  expenditure  for  installation  and  electric 
power.  The  process  has  been  found  to  be  effective  for  all 
temperatures  at  which  it  has  been  tried  and  offers  fascinating 
possibilities.  The  tradition  that  gas  must  be  cooled  slowly  and 
the  tar  removed  at  about  1 10°  F.  was  the  result  of  mechanical 
limitations  in  equipment  and  not  of  experiment  which  had 
shown  that  process  to  be  superior.  With  the  introduction  of 
a  process  by  which  the  tar  can  be  removed  at  any  desired  tem- 
perature, better  and  more  economical  systems  of  condensation 
and  purification  become  possible. 

The  higher  the  temperature  of  tar  removal,  the  better  should 
be  the  result,  viewed  from  every  standpoint.  An  electrical 
precipitation  working  at  175-200°  F.  will  throw  out  a  tar 
almost  free  from  water  which  resembles  some  of  the  prepared 
tars  in  its  properties.  The  gas  should  then  be  cooled  rapidly 
and  as  cold  as  possible,  preferably  in  a  washer  cooler.  The 
faster  the  cooling,  the  greater  will  be  the  proportion  of  benzene 
remaining  in  the  gas.     Some  naphthalene  will  probably  crys- 
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Eillize  out  as  white  flakes  which  can  easily  be  removed  by  a 
econd  electrical  precipitation  if  necessary.  The  gas  coming 
o  the  ammonia  scrubbers  will  be  clean  so  that  white  sulphate 
an  be  made  directly  if  desired.  The  iron  oxide  purifiers  will 
vork  more  efficiently  and  have  longer  life,  since  they  will  not 
>ecoine  fouled  with  tar.  The  purified  gas  will  have  higher 
leating  value  and  candle-power. 

The  complete  removal  of  all  the  tar  at  high  temperatures 
vill  make  it  possible  for  the  larger  plants  to  economize  space 
ind  cost  of  installation  and  to  obtain  better  results  than  at 
:>resent. 

The  Chairman  :  Mr.  Linn  Bradley  was  also  asked  to  dis- 
miss this  paper.  Mr.  Bradley  has  been  unavoidably  detained, 
ind  he  has  asked  Mr.  Egbert  to  present  his  paper. 

Mr.  Linn  Bradley  (New  York)  :  (Written  discussion 
communicated.)  The  author  states  in  the  first  paragraph 
that  the  process  is  "for  the  precipitation  of  suspended 
particles  from  gas  by  high  tension  alternating  current/'  but 
he  states  further  along  (page  183)  that  "no  attempt  is  made 
to  free  the  gas  of  these  agglomerated  tar  particles  while  it 
is  still  in  the  ionizing  field.  The  apparatus  is  so  arranged 
that  everything  is  swept  on  through  into  some  form  of  me- 
chanical extractor  where  a  complete  removal  is  effected  with 
very  little  power  loss."  It  would  seem  from  the  state- 
ment therefore,  that  electrical  precipitation,  as  generally  under- 
stood, does  not  take  place  to  any  great  degree,  but  that  the  tar 
particles  are  caused  to  build  up  from  drops  of  extremely  small 
size  to  relatively  a  few  large  particles,  and  that  those  well- 
known  principles  of  removing  particles  from  gases  are  em- 
ployed which  are  based  upon  the  increase  in  the  ratio  of  the 
mass  of  the  particle  to  the  area  which  it  exposes  to  the  sur- 
rounding gas  as  the  size  of  the  liquid  particle  increases.  This 
enables  one  to  take  advantage  of  the  difference  between  the 
inertia  of  the  moving  particles  and  the  force  exerted  upon  them 
by  the  surrounding  medium.  Therefore  any  reagent  which 
will  form  large  particles  from  very  small  ones  will  be  of  prac- 
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tical  assistance  in  efforts  to  free  gases  of  suspended  particles. 
As  the  author  states,  these  phenomena  have  long  been  Known. 
The  author  has  described  one  method  of  accomplishing  such  a 
result  by  the  use  of  high  tension  alternating  current  from  a 
step-up  transformer,  followed  by  a  mechanical  tar  extractor. 
Other  methods  have  been  proposed  for  causing  the  agglomera- 
tion of  tar  particles,  and  I  understand  that  a  process  is  now  in 
commercial  use  on  producer  gas,  being  part  of  the  producer 
equipment. 

The  author  seems  to  consider  that  "the  rectifying  of  alter- 
nating current  of  from  40,000  to  80,000  volts  on  synchronous 
motor  driven  rotating  switches"  would  be  complicated  and 
difficult.  Having  had  considerable  experience  with  many  in- 
stallations of  the  Cottrell  processes,  in  which  this  general 
arrangement  is  used,  I  must  state  that  these  features  cause 
almost  no  concern  in  our  actual  practice.  In  fact,  it  is  found 
that  our  most  difficult  problems  are  those  concerned  with  the 
handling  of  the  precipitated  products,  and  the  construction  and 
arrangement  of  precipitating  apparatus;  the  electrical  appara- 
tus has  been  quite  well  standardized  and  most  of  the  efforts 
are  now  being  directed  toward  standardization  of  electrodes, 
insulators,  etc.,  connected  with  the  precipitating  treater  itself. 

It  is  very  true  that  high  tension  current,  whether  alternating 
or  direct,  is  not  to  be  trusted  to  careless  persons,  and  the 
safest  way  is  to  so  enclose  the  appars^tus  that  no  one  can  come 
into  contact  with  any  parts  of  the  high  tension  system.  This 
has  been  done  very  successfully  in  the  recent  Cottrell  instal- 
lations. 

Referring  to  the  theoretical  discussions  by  the  author,  the 
following  statements  may  prove  interesting : 

Alternating  current,  as  the  author  has  stated,  under  certain 
conditions  readily  clears  up  a  fog  or  cloud  of  finely  divided 
particles.  Probably  it  is  chiefly  due  to  agglomeration  with  sub- 
sequent deposition.  But  it  is  also  well  known  that  high  tension 
direct  current  will  readily  precipitate  particles  of  almost  any 
nature  if  their  size  is  within  reason,  and  it  is  also  known  that 
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:  "discharge"  electrode  may,  in  some  cases,  be  either  nega- 
e  or  positive  with  respect  to  the  opposed  or  "collecting" 
ctrode,  and  yet  obtain  excellent  and  complete  pfecipitation 
the  particles  suspended  in  the  gas. 

R.casoning  along  these  lines,  one  would  be  tempted  to  state 
Lt  alternating  current  would  accomplish  the  same  results, 
ce  alternating  current  is  merely  a  reversal  of  polarity  at  a 
:quency  of  so  many  cycles.  Experiments  were  tried  in  order 
observe  the  eflfect  upon  a  cinder  suspended  by  a  silk  thread 
the  electric  field,  using  direct  current  in  one  set  of  tests  and 
ernating  current  in  another.  With  direct  current,  the  "dis- 
irge"  electrode,  when  made  positive,  would  quickly  drive  the 
ider  to  the  collecting  electrode,  and  the  same  result  was 
tained  when  the  "discharge"  electrode  was  made  negative; 
t  when  the  polarity  was  very  rapidly  reversed  by  using  alter- 
ting  current,  the  cinder  remained  almost  stationary,  thus 
owing  the  value  of  using  essentially  direct  current  in  elec- 
cal  precipitation  work.  The  fact  that  the  author  has  been 
le  to  make  commercial  use  of  alternating  current  followed 
a  mechanical  extractor,  shows  that  some  gases  can  be  freed 
suspended  particles  by  such  a  method,  although  in  the  major 
imber  of  cases,  direct  current  is  by  far  the  most  useful  agent. 
The  author  has  drawn  a  very  interesting  mental  picture  for 
e  purpose  of  describing  what  appears  to  be  the  reason  that 
e  agglomeration  does  take  place  when  the  gas  is  subjected  to 
e  influence  of  the  electric  field  produced  by  alternating  cur- 
tit.  It  would  undoubtedly  aid  us  in  our  investigations  of 
ich  phenomena  could  we  but  obtain  moving  pictures  of  these 
ispended  particles  when  under  the  influence  of  the  electric 
dd.  Perhaps  we  should  better  be  able  to  state  exactly  what 
anspires.  Other  feats,  apparently  even  more  difficult,  have 
:en  performed,  and  I  for  one  should  welcome  the  attempt  by 
)me  one  to  develop  a  method  for  attaining  this  end. 

All  of  these  investigations  upon  gases  and  the  effect  of  elec- 
icity  at  high  potential  cause  us  to  take  particular  interest  in 
le  dielectric  strength  of  so-called  insulating  media,  especially 
13 
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air  and  other  gases.  In  our  work,  we  have  encountered  such 
peculiarities  and  conditions  that  we  even  hesitate  to  make  use 
of  the  terhis  "static  electricity"  and  "static  charges."  When 
one  can  cause  the  dissipation  of  several  hundred  or  even  thou- 
sand kilowatts  of  electrical  energy  between  wires  and  pipes, 
the  current  actually  flowing  between  a  number  of  these  elec- 
trodes in  parallel,  it  would  seem  appropriate  to  term  it 
"dynamic"  in  place  of  "static."  When  electrodes  of  this  type 
are  subjected  to  a  high  difference  of  electrical  potential  in  a 
darkened  room,  the  beautiful  discharges  may  readily  be  seen. 
The  term  "corona"  has  been  applied  to  such  discharges.  There 
is  a  very  marked  difference  in  the  visual  appearance  of  nega- 
tive corona,  positive  corona  and  alternating  corona.  One  can 
determine  whether  or  not  the  "discharge"  electrode  is  negative 
with  respect  to  the  "collecting"  electrode  by  observing  the 
corona  in  a  darkened  room.  It  has  been  observed  that  alter- 
nating current  requires  a  greater  amperage  than  direct  current 
with  either  polarity.  During  the  early  work  of  Dr.  F.  G. 
Cottrell,  when  lower  voltages  were  used  than  practice  now 
requires,  the  "discharge"  electrodes  were  mostly  of  the  "pubes- 
cent" type,  that  is,  fine  hair-like  filaments  were  used  upon  the 
discharge  electrode  surface  in  order  to  promote  the  flow  of 
current  between  the  electrodes.  With  higher  voltages,  these 
are  not  generally  necessary.  We  have  recently  carried  on 
some  practical  precipitation  work  by  rectifying  150,000  volts 
alternating  current  by  means  of  a  mechanical  rectifier,  but 
this  may  not  become  universal  very  quickly,  for  difficulties 
naturally  increase  as  the  voltage  is  raised. 

The  author  anticipates  that  by  removing  tar  from  gas  by 
means  of  high  tension  electricity,  a  purer  and  whiter  am- 
monium sulphate  may  be  readily  made,  and,  also,  that  naph- 
thalene diflficulties  can  be  overcome.  These  advantages  should 
be  easily  realized  and  they  alone  would  seem  to  warrant  the 
installation  of  the  electrical  precipitation  processes.  The 
possibility  of  removing  tar  at  a  fairly  high  temperature,  in 
order  that  the  higher  volatiles  or  lighter  oils  might  be  re- 
tained and  the  illuminants  thus  increased,  seems  to  have  a 
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very  practical  application.  This  is  analogous  to  work  which 
we  have  been  doing  for  quite  some  time  in  connection  with 
various  gases  in  other  industries. 

In  conclusion,  I  would  like  to  state  that  the  author  has 
rendered  valuable  service  in  conducting  his  experiments  upon 
illuminating  and  similar  gases,  and  that  the  gas  industry 
should  seriously  consider  the  practical  benefits  that  may  now 
be  obtained.  Mr.  Steere  has,  I  notice,  given  proper  credit  to 
Prof.  A.  H.  White,  of  the  University  of  Michigan,  for  the 
original  work  upon  this  general  problem,  and  I  believe  that 
credit  should  also  be  given  to  Mr.  W.  S.  Blauvelt  for  the 
time  and  interest  which  he  has  given  to  this  subject.  I  have 
discussed  these  problems  with  him  on  various  occasions  and 
found  him  enthusiastic  and  thoroughly  interested  in  the  prac- 
tical outcome  of  the  experiments  which  the  author  has  so  in- 
terestingly  described. 

The  Chairman:     Is  Mr.  Kunberger  present? 

Mr.  a.  F.  Kunberger  (Philadelphia)  :  In  reading  Mr. 
Steere*s  paper,  one  can  but  feel  that  great  progress  has  been 
made  in  purifying  gas  from  tar.  Since  this  process  of  remov- 
ing finely  divided  particles  suspended  in  a  gas  or  gases  has 
been  successfully  used  in  various  industries,  little  doubt  as 
to  the  ultimate  successful  application  of  the  process  in  the 
gas  industry  can  exist. 

For  the  present,  however,  it  should  be  ascertained  whether 
or  not  the  ionization  has  a  bad  effect  on  the  illuminating 
gas  (as  now  manufactured)  as  well  as  a  corrosive  effect  on 
the  holders  and  mains. 

The  first  point  confronting  us  is  Mr.  Steere's  statement 
that  the  illuminating  value  of  the  gas  does  not  suffer,  which 
undoubtedly  is  true  with  all  gases  where  the  oily  vapors  are 
not  the  chief  components  of  the  illuminants. 

It  is  ascribed  to  the  fact  that  the  tar  extractor  can  be 
operated  at  a  much  higher  temperature  than  commonly  prac- 
ticed. However,  some  doubt  remains  as  to  the  effect  on 
such  gases  where  the  light  oil  vapors  form,  to  a  large  extent. 
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the  illuminants.  These  vapors  being  ionized  along  with  the 
tar  are  bound  to  be  disturbed  in  the  same  manner  as  the 
latter  and  will  therefore  have  the  tendency  to  condense  along 
with  it. 

I  realize  that  the  gas  will  be  able  to  retain  some  of  the 
benzol,  etc.,  vapors,  but  by  no  means  as  much  as  if  the  par- 
ticles had  been  undisturbed.  This  could  perhaps  be  over- 
looked altogether,  for  the  advantage  of  getting  all  the  tar  fog 
out  of  the  gas  and  thus  saving  other  operating  expenses ;  and 
the  illuminants  thu^  removed  could  be  passed  back  into  the 
purified  gas  after  separating  them  from  the  tar.  A  far  more 
serious  point  confronting  us  in  this  process,  is  the  ionization 
of  the  water  vapor  carried  by  the  gas,  which  renders  it  cor- 
rosive, and  the  fixation  of  nitrogen  with  oxygen  in  the  gas, 
etc. 

Although  the  ammonia  scrubber  in  the  coal  gas  plant  would 
take  care  of  a  great  many  of  the  corrosive  elements  thus 
formed,  we  nevertheless  have  just  cause  to  believe  that  the 
gas  having  passed  through  the  ionizer  may  have  a  bad  effect 
on  the  holder  and  mains,  particularly  where  no  ammonia 
scrubber  interfered,  as  is  the  case  in  the  water  gas  plant. 

Mr.  W.  H.  FulweilEr  (Philadelphia)  :  There  are  several 
points  on  which  I  should  like  to  have  further  information  if 
Mr.  Steere  is  in  a  position  to  give  it.  What  power  is  re- 
quired in  handling  (say)  1,000,000  cu.  ft.  of  gas  per  day? 

Have  any  analyses  been  made  of  the  recovered  tar  to  show 
whether  there  has  been  any  radical  change  in  the  character  of 
the  tar? 

As  I  recall  Prof.  White's  paper,  considerable  difficulty  was 
encountered  due  to  the  breaking  down  of  the  insulation  of 
the  electrode.  Have  these  been  entirely  overcome,  so  that 
the  apparatus  is  now  quite  fool-proof,  or  does  some  further 
work  have  to  be  done  to  make  it  entirely  practical  ? 

What  is  the  commercial  status  of  the  price  at  this  time?  Is 
it  being  sold  as  an  apparatus  outright,  or  on  a  royalty  basis? 

Mr.  J.  W.  Batten   (Detroit)  :     I  think  I  can  agree  with 


Digitized  by  VjOOQIC 


197 

you,  Mr.  Chairman,  that  the  manufacturing  department  is 
looking  for  the  method  of  clearing  up  the  difficulties  which 
Mr.  Steere  has  so  well  outlined  in  his  method.  I  believe  the 
elimination  of  tar  at  any  desired  temperature  will  absolutely 
revolutionize  our  methods  of  condensation.  We  have  fol- 
lowed methods  of  condensation  with  the  idea  that  tar  was 
present  through  almost  the  entire  condensation  period. 

I  believe  there  are  a  large  number  of  Cottrell  installations 
where  the  insulation  difficulties  have  been  overcome.  The 
University  of  Michigan  had  not  sufficient  preparation  to  take 
care  of  these  difficulties. 

The  work  initiated  by  Prof.  A.  H.  White  at  the  University 
of  Michigan  in  1911,  looking  to  the  electrical  precipitation  of 
tar  from  gas,  has  been  carried  to  a  successful  conclusion  by 
him  and  the  holders  of  the  Fellowship  supported  by  the 
Michigan  Gas  Association.  The  work  of  Mr.  Steere  sug- 
gested by  that  done  by  him  at  the  University  of  Michigan,  has 
followed  a  parallel  course,  and  its  commercial  continuous 
operation  is  the  sure  evidence  of  its  success. 

The  work  done  by  the  University  of  Michigan  and  presented 
as  a  paper  at  the  recent  meeting  of  the  Michigan  Gas  Asso- 
ciation at  Lake  Harbor,  describes  the  development  of  the 
application  to  coal  gas  of  the  pioneer  work  of  Professor 
Cottrell.  Direct  current  was  employed  with  the  necessary 
equipment  of  transformers,  and  rotating  switches  driven  by 
synchronous  motors.  Insulation  difficulties  were  the  only  ones 
seriously  encountered  during  the  final  work.  In  this  experi- 
mental plant,  gas  was  treated  at  the  rate  of  30,000  cu.  ft.  per 
hour,  giving  evidence  of  success  beyond  the  test-tube  stage. 
So  completely  and  satisfactorily  have  the  investigations  been 
carried  forward  that  the  Fellowship  Committee  of  the  Michi- 
gan Gas  Association  has  considered  that  the  final  details  for 
commercial  application  must  be  worked  out  in  the  plant  itself, 
feeling  that  further  work  by  the  University  would  not  be 
warranted  by  results  that  might  reasonably  be  expected. 
The  desirability  of  obtaining  a  coal  gas,  water  gas  or  coke 
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oven  gas  free  from  tar  at  any  desired  temperature,  will  de- 
termine the  value  of  this  work  to  our  industry.  The  stop- 
page of  washer  coolers,  tar  washers  and  rotary  scrubbers  by 
mixture  of  tar  and  naphthalene  is  a  subject  too  painful  to 
dilate  upon.  A  tar  extractor  capable  of  removing  the  last 
traces  of  tar  has  been  hitherto  unknown.  This  is  particularly 
true  of  the  tar  fog  produced  by  rapid  condensation  in  washer 
cooler  shells.  Perfect  removal  of  tar  would  undoubtedly 
eliminate  such  stoppages,  as  naphthalene  would  freely  wash 
out  without  the  presence  of  a  binder.  While  Mr.  Steere  does 
not  tell  us  the  cost  of  operating  the  apparatus,  the  installation 
mentioned  at  the  plant  of  the  Ann  Arbor  Gas  Company,  where 
the  Michigan  Gas  Association  experiments  were  carried  on,  de- 
tarred  30,cxK>  cu.  ft.  of  gas  at  a  cost  of  230  watts,  and  I  un- 
derstand that  the  current  cost  is  even  less  with  alternating 
current  apparatus  as  used  by  Mr.  Steere. 

The  commercial  value  of  pure  naphthalene  cannot  at  present 
be  considered  as  a  factor  in  determining  the  wisdom  of  any 
proposed  installation,  though  the  gain  in  light  oils  and  con- 
sequently in  candle-power,  seems  more  than  problematical. 
The  absence  of  tarry  oils  in  the  purifying  materials  should 
undoubtedly  increase  its  eflFiciency,  while  the  ability  to  make 
sulphate  direct  would  be  of  distinct  advantage. 

Mr.  T.  Haight  (Brooklyn)  :  I  woulcj  like  to  ask  if  this 
apparatus  is  now  in  practical  use  in  any  water-gas  plant? 

The  Chairman:  Is  there  any  other  question?  If  not,  I 
will  ask  Mr.  Steere  to  close  the  discussion. 

Mr.  Steere  :  In  answering  the  question  as  to  the  effect  of 
the  electrical  discharge  on  the  illuminants  in  the  gas:  The 
electrical  action  may  be  thought  of  as  electro-mechanical 
rather  than  electro-chemical  in  its  effect  on  the  gas  as  far  as 
the  tar  is  concerned.  There  is,  therefore,  no  tendency  to  pre- 
cipitate the  condensible  hydrocarbons  held  in  vapor  tension 
equilibrium.  No  effect  on  the  quality  of  the  gas  was  noted  in 
the  tests  run.  The  same  would  apply  to  the  effect  on  steel 
holders  and  mains.     While  no  effect  was  noted  during  the 
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ests  which  only  extended  over  about  nine  months,  no  trouble 
5  anticipated  from  this  source. 

As  to  the  question  of  power  consumption:  The  power 
onsumed  by  the  electrical  discharge  is  very  small,  the 
verage  consumption  at  the  Ford  plant  being  about  1.5  k.  w. 
nth  the  gas  passing  at  the  rate  of  2,000  cu.  ft.  per  minute. 
1  addition  to  this,  there  is  a  loss  of  pressure  through  the 
lechanical  separator  following  the  ionizer  which  represents 
ower  absorbed.  This  loss  depends  on  so  many  conditions 
id  varies  through  such  a  wide  range,  that  definite  figures  are 
lisleading.  In  any  case,  however,  the  loss  at  this  point  is 
ell  within  the  range  of  good  practice  and  does  not  militate 
jainst  the  practicability  of  the  process. 

As  to  the  cost  of  apparatus:  No  two  gas  plants  are  just 
ike.  The  result  to  be  accomplished  in  a  particular  installa- 
on  as  well  as  the  local  conditions  surrounding  it,  have  much 
>  do  with  the  cost  of  installing  this  process.  We  have  been 
eased  to  find,  however,  on  several  jobs  we  have  figured  on, 
tat  we  can  compete  very  successfully  with  the  prevailing 
rices  of  the  commercial  types  of  tar  extractors  now  on  the 
larket.    The  cost  in  any  case  is  not  prohibitive. 

As  to  the  effect  on  the  tar:  Analyses  showed  no  other  ef- 
Kt  on  the  tar  than  that  the  percentage  of  light  oils  was  de- 
ceased. This  would  follow  from  the  theory  outlined  in  the 
siper  accounting  for  the  increased  candle-power  of  the  gas 
Fter  the  ionizer,  under  certain  conditions. 

As  to  the  problem  of  insulators:  This  problem  has  been 
3solutely  solved.  The  Ford  plant  has  now  been  running  long 
lough  to  bring  out  any  weakness  along  this  line  if  it  existed, 
[id  to  date  there  has  been  no  trouble  whatever. 

We  have  no  plants  operating  on  water  gas. 

In  reply  to  the  question  as  to  how  this  work  is  being  de- 
eloped  :  A  company  called  the  Steere  Engineering  Company 
^ith  offices  at  Detroit  has  taken  over  the  commercial  process 
s  well  as  the  experimental  work  in  the  undeveloped  fields. 
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The  Chairman:  The  next  paper  is  "Tests  of  a  New 
Recording  Calorimeter"  by  Messrs.  C.  H.  Stone,  of  Middle- 
town,  N.  Y.,  and  W.  H.  Hinman,  of  New  York.  This  paper 
will  be  presented  by  Mr  Stone. 

TESTS  OF  A  NEW  RECORDING  CALORIMETER. 


Introduction. 

The  increasing  use  of  the  calorific  test  as  a  measure  of  the 
true  value  of  gas  to  the  consumer  has  rendered  highly  desirable 
the  construction  of  an  instrument  which  should  give  a  contin- 
uous record  of  the  thermal  value.  Such  an  instrument  must 
be:  (i)  accurate  within  reasonable  limits;  (2)  independent  of 
fluctuations  in  gas' pressure;  (3)  easily  standardized;  (4)  as 
free  as  may  be  from  complicated  or  breakable  parts;  (5) 
capable  of  registering  gross  or  "observed"  B.  t.  u. ;  (6)  simple 
enough  to  be  operated  by  men  of  moderate  ability. 

There  are  at  present  some  6  recording  calorimeters  on  the 
market,  i.  e,,  the  Smith,  the  Simmance  Abady,  the  Sarco,  the 
Leskole,  the  Junkers  and  the  Fery.  Of  these,  only  the  Junkers, 
Simmance  Abady  and  Sarco  have  received  any  d^jee  of 
favorable  notice  in  this  country.  The  last  two  do  not  directly 
determine  the  heat  units,  and  (at  least  in  their  original  form) 
only  the  net  value  is  obtained,  while  the  Junkers  has  not 
seemed  to  prove  satisfactory  in  places  where  it  has  been  tried. 
.  It  has  appeared,  therefore,  as  though  there  was  room  for 
another  and  more  efficient  recording  calorimeter,  and  the 
American  Meter  Company  has,  for  about  a  year,  been  experi- 
menting in  this  direction,  and  has  at  last  produced  the  instru- 
ment whose  tests  are  to  be  described.  It  should  be  stated  at 
once  that  this  calorimeter  is  not  as  yet  perfected,  and  various 
minor  changes  may  be  found  desirable.  We  believed,  however, 
that  the  principle  was  sound  and,  therefore,  thought  it  best  to 
publish  the  following  tests,  in  order  to  apprise  the  gas  fra- 
ternity of  the  progress  being  made,  and  to  profit  by  the  criti- 
cisms and  discussion  which  we  trust  this  paper  will  evoke. 
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Description  of  Instrument. 

The  instrument  consists  of  a  regular  Hinman-Junkers  calo- 
rimeter fitted  with  a  pair  of  special  recording  thermometers 
and  the  usual  meter,  balance,  glass  thermometers,  and  gover- 
nors before  and  after  the  meter.  An  overhead  tank  is  required 
and  under  this  the  calorimeter  is  firmly  mounted.  Each 
recording  thermometer  consists  of  a  tube  about  lo  in.  long  and 
^  in.  in  diameter.  These  tubes  are  filled  with  mercury,  and 
connect  with  the  recording  mechanism  by  means  of  a  capillary 
tube.  The  change  in  volume  of  this  mercury  due  to  variation 
in  temperature,  causes  a  motion  in  an  iron  spiral  similar  to  the 
motion  produced  in  a  spiral  steam  gauge  by  change  in  pressure. 
This  motion  is  transferred  by  levers  to  a  pen  which  records  on 
a  vertically  moving  chart  driven  by  clock-work.  As  at  present 
constructed,  the  difference  between  the  lines  of  the  inlet  and 
outlet  pens  shows  the  rise  in  temperature  of  the  water  passing 
through  the  calorimeter;  but  it  is  hoped  that  eventually  the 
chart  will  read  direct  in  B.  t.  u.  A  continuous  supply  of  water 
is  necessary,  and  also,  means  of  maintaining  this  at  or  near 
the  temperature  of  the  room.  Tests  can  be  made  with  this 
instrument  exactly  as  with  an  ordinary  flow  calorimeter  at  the 
same  time  it  is  serving  as  a  recording  device. 

Method  of  Procedure. 

In  our  tests,  the  instrument  was  mounted  beneath  a  6o-gallon 
tank  which  was  continuously  supplied  with  water  of  the  room 
temperature,  obtained  by  means  of  a  small  gas  water  heater. 
The  gas  supply  came  through  an  independent  line  direct  from 
the  service,  and  had  not  been  metered  prior  to  reaching  the 
testing  outfit.  This  line  was  purged  for  at  least  2  hours  before 
each  day's  tests.  The  same  meter  and  governors  were  used 
for  all  tests,  and  all  connections  were  made  with  metallic  hose. 
The  plan  was  to  run  the  instrument  7  hours  a  day  for  a  period 
of  3  weeks.  Each  day  a  test  was  to  be  made  at  the  beginning 
and  end  of  the  period  with  a  Sargent  calorimeter  which  had 
been  standardized  by  the  Public  Service  Commission,  Second 
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District,  New  York.  At  least  3  tests  were  to  be  made  dur- 
ing the  day  with  the  recording  instrument,  using  it  as  a  flow 
calorimeter,  and  these  tests  were  to  be  compared  with  the  chart 
obtained  during  the  same  period.  On  6  days,  complete  tests 
were  to  be  made  every  15  minutes  throughout  the  day,  and  the 
observations  made  in  these  tests  will  be  shown  in  tabular  form. 
It  seems  hardly  necessary  to  say  that  all  of  the  precautions 
requisite  for  an  accurate  test  were  scrupulously  observed.  The 
usual  procedure  was  to  make  a  test  with  the  Sargent  calo- 
rimeter, then  set  the  new  instrument  in  operation  and  make  a 
test  with  it  as  a  flow  calorimeter  while  the  recording  device 
was  also  working.  In  the  middle  of  the  day,  a  similar  test  was 
made  on  the  recording  calorimeter,  and  again  at  the  end  of 
the  day,  the  latter  being  followed  by  two  more  tests  with  the 
Sargent  calorimeter.  On  the  6  special  days  mentioned,  the 
humidity,  specific  gravity  and  'B.  t.  u.  in  condensation  were 
also  determined. 

RESUI.TS  Obtained. 

It  will  at  once  be  seen  that  3  factors  determine  the  success 
or  failure  of  this  instrument:  (i)  Constancy  of  gas  rate; 
(2)  uniformity  of  water  rate;  (3)  accuracy  of  recording 
device. 

For  a  considerable  time,  we  experienced  great  difficulty  in 
securing  a  constant  gas  rate.  After  investigating  all  other  pos- 
sible sources  of  trouble,  the  disturbing  factor  was  finally 
located  in  the  valve  of  the  balance  governor  and  in  some  slight 
irregularity  in  two  of  the  wet  meters  tried.  On  substituting 
a  new  governor  and  a  third  meter,  a  gas  rate  was  obtained 
which  was  constant  within  i  per  cent. 

A  uniform  water  rate  should  theoretically  be  much  easier  to 
secure  than  is  a  constant  gas  rate,  and  practically  we  found 
this  to  be  true,  provided  all  of  the  air  in  the  water  passages  of 
the  calorimeter  were  first  expelled.  This  expulsion  was  accom- 
plished by  alternately  closing  and  opening  the  quadrant  cock 
on  the  inlet  10  or  12  times.    The  60-gallon  tank  was  provided 
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with  an  overflow  and  care  was  taken  to  see  that  this  was 
always  running.  On  one  occasion,  the  city  shut  off  the  water 
without  any  notice  whatever,  and  had  it  not  been  for  the  above 
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precaution,  and  for  the  fact  that  one  of  the  authors  happened 
to  visit  the  testing  room  at  just  the  right  time,  the  entire 
apparatus  would  have  been  ruined.    This  may  emphasize  the 
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need  of  a  constant  water  supply  and  the  benefits  of  a  tank  of 

I  large  capacity  kept  always  full. 

We  had  little  or  no  trouble  in  maintaining  the  supply  of 
water  at,  or  very  close  to,  the  room  temperature.  A  Doylair 
water  heater  was  used,  and  after  a  little  practice,  this  and  the 
water  supply  could  be  so  adjusted  in  5  minutes  as  to  maintain 
a  very  uniform  temperature  throughout  the  day.  If  the  room 
temperature  is  liable  to  change  3  or  4  deg.  during  the  day, 
the  water  can  be  supplied  i  or  2  deg.  warmer  than  the  room 
in  the  morning,  and  will  thus  never  be  more  than  2  deg.  in 
error;  or  in  cases  where  it  is  convenient,  the  heater  can  be 
readjusted  to  correspond  to  the  increase  in  room  temperature. 

The  recording  mechanism  required  practically  no  attention, 
save  for  filling  the  pens,  winding  the  clock  and  setting  chart, 
and  while  its  accuracy  will  be  discussed  later,  the  device  in 
general  appears  to  be  a  success. 

In  the  results  which  follow,  we  have  plotted  all  of  the  B.  t.  u. 
figures  obtained,  and  the  chart  (Fig.  i)  is  in  large  measure 
self-explanatory.  It  was  thought  best  to  start  each  day's 
plotting  separately,  and  thus  the  line  is  broken  at  the  end  of 
the  day.  The  upper  or  black  line  represents  the  result  obtained 
by  operating  the  instrument  by  hand  and  the  lower  or  red  line 
gives  the  results  at  exactly  the  same  time,  but  taken  from  the 
chart.  Where  only  two  or  three  tests  were  made  during  the 
day,  the  points  have  been  joined  by  dotted  lines.  While  this 
may  not  be  an  ideal  method  of  plotting,  we  believed  that  it 
would  furnish  the  clearest  idea  as  to  the  relation  of  the  results 
obtained  in  the  two  ways.  None  of  the  results  with  the  Sar- 
gent calorimeter  were  placed  on  this  chart  for  three  reasons: 
First,  there  were  so  few  of  them  that  it  would  not  have  left  a 
fair  impression ;  second,  the  recording  calorimeter  itself,  when 
operated  by  hand,  is  fully  as  reliable  a  standard  as  the  Sargent; 
and  third,  enough  of  the  Sargent  results  will  appear  in  a  table 
to  answer  all  purposes. 

The  chart  (Fig.  2)  shows  the  variations  in  water  and  gas 
rates  for  a  period  of  2  days.    Lest  there  be  some  question  as 
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to  why  we  omitted  the  other  days,  it  might  be  stated  that  it 
took  us  a  number  of  days  before  we  located  the  trouble  with 
the  gas  rate  and  succeeded  in  making  the  same  work  properly ; 
after  this  was  once  accomplished,  however,  there  was  such  a 
sameness  in  the  results  that  it  was  thought  better  to  plot  only 
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Fig.  2. — Variations  in  water  and  gas  rates.     Page  204. 

2  days'  figures,  which  are  typical  of  the  best  we  have  been 
able  to  secure  up  to  the  present  time. 

The  table  (Fig.  3)  which  follows  could  have  included  all  of 
the  results  obtained,  but  it  would  have  been  very  bulky  and  no 
good  purpose  would  haye  been  served,  so  that  it  was  thought 
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est  here  also  to  simply  summarize  one  complete  day's  tests, 
nd  from  this  the  general  plan  of  the  work,  its  thoroughness 
nd  the  results  obtained  can  be  seen. 

Discussion  of  Results. 
Taking  up  the  3  factors  required  for  accuracy,  let  us 
irst  consider  the  water  rate.  By  consulting  the  chart.  Fig.  2, 
t  will  be  seen  that  during  a  period  of  over  6  hours,  the  maxi- 
num  variation  was  less  than  1.4  per  cent.,  while  if  the  first 
lour's  test  be  excluded,  the  maximum  variation  is  about  0.6 
>er  cent.  When  it  is  considered  that  an  error  of  one-fifth  of  a 
second  in  switching  the  water  made  a  difference  of  approxi- 
mately o.oi  lb.  in  the  2-minute  run,  it  is  evident  that  a  maxi- 
mum variation  of  0.04  lb.  in  6  hours  is  not  in  any  way  exces- 
sive. In  order  to  secure  this  degree  of  accuracy,  it  was  found 
necessary  to  switch  the  water  as  the  second  hand  passed  the 
zero  mark  on  the  watch,  and  not  to  try  to  start  the  watch  and 
switch  the  water  at  the  same  instant. 

It  also  became  apparent  that  the  water  rate  must  be  deter- 
mined at  the  beginning  of  each  test,  since  after  removing  the 
air  from  the  water  passages,  it  would  be  impossible  to  reset  the 
cock  in  exactly  its  original  location. 

In  studying  the  curves  for  the  gas  rate,  and  again  omitting 
the  first  hour,  the  maximum  variation  during  the  6-hour  period 
was  0.001  ft.  or  0.5  per  cent.    Inasmuch  as  the  smallest  divi- 
sion on  the  dial  of  the  meter  which  will  be  furnished  with  the 
recording  calorimeter  represents  o.ooi  cu.  ft.,  it  is  evident  that 
the  above  result  is  about  as  nearly  correct  as  accuracy  of 
observation  will  permit.    This  degree  of  accuracy  can  only  be 
secured  when  both  meter  and  governors  are  working  perfectly. 
Practically  the  only  factor  whose  influence  on  the  gas  rate  has 
not  been  controlled,  is  the  specific  gravity  of  the  gas,  and  if 
this  is  to  vary  greatly  during  the  course  of  a  test,  it  may  be 
necessary  to  check  the  gas  rate  more  frequently.    This  would 
be  especially  true  in  the  case  of  a  mixed  gas  where  the  per- 
centages of  the  coal  and  water  gas  might  vary  greatly.    In  the 
case  of  straight  coal  gas  or  carbureted  water  gas,  the  errors 


Digitized  by  VjOOQIC 


2o8 

in  any  one  day  due  to  changes  in  specific  gravity  would  prob- 
ably be  within  the  limits  of  error  of  the  process. 

Turning  now  to  the  chart  of  observed  B.  t.  u.,  which  in 
reality  is  a  test  of  the  accuracy  of  the  recording  thermometers 
and  mechanism,  it  should  be  remembered  that  the  true  test  of 
the  satisfactory  operation  of  the  recording  device  lies  in  the 
uniformity  of  variation  between  the  two  lines  on  any  one  day. 
The  reason  for  this  is  that  the  exit  recording  pen  must  be  set 
each  morning  to  agree  with  the  reading  of  the  exit  water  glass 
thermometer  during  a  regular  test.  If  this  had  been  done  in 
the  tests  shown  on  the  chart,  it  will  be  seen  that  a  very  satis- 
factory uniformity  in  the  two  curves  would  have  prevailed. 
The  adjustment  of  the  pen  is  very  simply  made  by  turning  a 
thumb  screw,  so  that  no  time  or  labor  need  be  wasted  in  this 
operation.  The  chart  furnished  for  our  experiments  was  grad- 
uated from  55°  to  125°  F.,  and  a  space  of  about  o.i  in.  repre- 
sented I  deg.  It  was  thus  not  possible  to  read  the  chart  closer 
than  0.1  deg.,  and  as  this  equals  from  3  to  4  B.  t.  u.,  depending 
on  the  rise  in  temperature  of  the  water,  this  fact  probably 
affected  materially  the  showing  made  on  the  chart  of  observed 
B.  t.  u.  In  the  chart  which  will  be  furnished  with  the  instru- 
ment, this  error  will  be  reduced  50  per  cent. 

With  regard  to  the  table  of  sample  day's  tests,  there  seems 
to  be  no  need  of  special  comment,  save  possibly  in  the  case  of 
the  hvunidity.  This  was  taken  both  by  a  hygrodeik  and  a 
sling-psychrometer.  The  former  was  continually  ventilated 
during  tests  by  a  slow  current  of  air  from  an  electric  fan, 
while  the  latter  was  whirled  and  read  in  the  usual  manner. 
Distilled  water  was  used  on  both  instruments,  and  all  calcula- 
tions made  from  the  same  table,  although  the  chart  on  the 
hygrodeik  checked  almost  exactly  with  the  table  used.  The 
thermometers  on  the  two  instnmients  were  compared  and 
found  to  agree.  We  call  attention  to  the  humidity  results  in 
the  table  simply  as  a  matter  of  interest  to  those  making 
humidity  determinations,  but  no  correction  based  on  any  of 
these  results  was  made  by  us.    Since  the  burner  and  air  supply 
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ere  identical  in  the  tests  with  the  glass  thermometers  and 
cording  thermometers,  and  since  these  tests  were  made  at 
:actly  the  same  time,  the  effect  of  humidity  must  have  been 
actly  equal  in  both  cases  and  so  need  not  be  considered.  Like- 
ise  we  made  one  or  two  determinations  of  B.t.u.  in  condensa- 
)n,  simply  for  the  purpose  of  presenting  a  sheet  of  tests 
mplete  in  all  details. 

The  tests  with  the  Sargent  calorimeter  were  necessarily 
ade  at  somewhat  different  times  from  the  nearest  correspond- 
g  tests  on  the  recording  instrument.  They  serve  principally 
erefore  to  show  the  absence  of  any  great  error  in  either 
mipulation  or  apparatus. 

Conclusion. 

The  results  of  the  investigation  may  be  summarized  as 
Hows : 

1.  The  instrument  should  be  allowed  to  run  for  an  hour 

before  tests  are  made. 

2.  Water  rate  must  be  determined  each  morning  and 

should  then  remain  constant  within  0.6  per  cent. 

3.  Gas  rate  must  be   determined   each  morning  and 

should  then  remain  constant  within  0.5  per  cent. 

4.  Recording  thermometers  must  be  set  each  morning  to 

agree  with  glass  thermometers  and  temperature 
interval  should  then  remain  correct  within  i  per 
cent. 


Pig,  4.— Proposed  graduations  for  B.  t.  u.  chart.     Page  210. 


As  a  result  of  the  experience  gained,  we  would  suggest  the 
allowing  changes  in  the  instrument : 
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1.  The  chart  should  be  graduated  vertically  in  s-minute 

intervals,  and  horizontally  from  550  to  650 
B.  t.  u.  in  such  a  manner  as  to  make  it  a  direct 
reading  chart.  (See  chart  of  proposed  gradua- 
tions, Fig.  4.) 

2.  Arrangements  should  be  made  for  a  more  easy  inser- 

tion and  removal  of  the  chart  roll,  and  for  care 
of  the  chart  as  it  unrolls. 

3.  A  finer  adjustment  on  the  gas  cock  at  the  burner. 

With  the  above  changes,  we  believe  that  an  instnunent  will 
have  been  produced  which,  if  used  in  the  manner  prescribed, 
will  mark  a  distinct  advance  in  the  field  of  calorimetric  work. 

The  Chairman  :  Gentlemen,  Mr.  Stone's  exceedingly  in- 
teresting presentation  of  this  subject  is  a  reward  for  attend- 
ance. I  must  confess  that  his  presentation  of  the  subject  from 
the  floor  was  to  me  more  interesting  than  my  own  reading  of 
the  paper.  I  think  he  deserves  our  thanks  for  presenting  it 
so  concisely.  I  believe  a  good  recording  calorimeter  will  fill 
a  long  felt  want;  this  present  want  will  become  almost  a  neces- 
sity when  we  are  compelled  to  operate  on  a  much  closer  calo- 
rimetric basis  than  at  present. 

I  will  ask  Dr.  Elliott  to  start  this  discussion. 

Dr.  a.  H.  Elliott  (Flushing,  N.  Y.) :  The  experience  I 
have  had  with  a  recording  calorimeter  was  one  we  started  at 
Tarrytown,  and,  as  Mr.  Stone  said,  our  principal  duty  was  in 
not  relying  too  much  on  its  automatic  work.  We  worried  too 
much  on  it,  and  for  some  reason,  something  got  wrong  with 
the  water  and  the  whole  thing  went  up  in  smqke. 

But,  to  come  back  to  the  instruments  here,  I  do  not  think 
you  can  have  anything  that  is  much  more  carefully  thought 
out.  Personally,  I  do  not  take  much  stock  in  the  refined  cor- 
rections. That  has  been  one  of  the  things  I  have  rather  fought 
against  in  regard  to  calorimetric  work  generally.  When  you 
consider  generally  the  variations  of  gases  as  made,  and  passing 
through  any  given  main  from  hour  to  hour,  I  do  not  see  the 


Digitized  by  VjOOQIC 


211 


need  for  so  many  fine  corrections.  Nevertheless,  an  instru- 
ment that  would  do  that,  is  of  tremendous  use. 

Now,  with  regard  to  this  instrument  Mr.  Stone  and  Mr. 
Hinman  have  devised,  it  is  very  complete,  and  I  do  not  doubt 
it  would  do  the  work  they  say  it  will  do;  and  that  we  have  got 
to  have  such  an  instnmient  in  the  future  will  be  more  and  more 
apparent. 

I  think  the  day  is  right  here  now  when  coal  will  simply  be 
considered  uncivilized  in  our  houses.  I  have  already  done 
much  work  on  this  line,  and  I  think  the  coal-man  and  ash-man 
will  be  considered  abominations  in  our  homes;  and  if  we  use 
gas  in  large  quantities,  we  must  have  a  reliable  method  of 
calorimetric  testing.  This  is  an  exceedingly  practical  instru- 
ment. The  only  other  one  I  had  any  acquaintance  with  was 
one  of  the  Junker  type  and  not  altogether  accurate.  It  required 
someone  to  watch  it,  when  it  should  be  automatic. 

I  do  not  think  I  can  add  anything  except  to  speak  of  the 
coming  need  of  this  instrument,  which  is  obvious  to  anyone 
who  has  watched  the  development  of  gas.  Talking  to  one  of 
our  engineers  a  while  ago,  I  said :  "I  think  we  are  going  to 
heat  our  houses  with  gas ;"  he  said :  "That  would  take  five  or 
six  times  our  present  consumption ;"  I  said :  "Then  you  must 
build  larger  plants/'  With  a  standardized  fuel,  such  as  gas, 
we  will  know  what  we  get  much  more  perfectly  than  we  know 
the  value  of  a  ton  of  coal. 

Mr.  G.  T.  Macbeth  (Mount  Vernon,  N.  Y.) :  I  would  lil^e 
to  add  one  point  about  the  calorimeter  at  Tarrytown,  and  that 
is,  that  we  are  fairly  sure  from  the  "remains"  that  our  record- 
ing calorimeter  took  fire  from  the  use  of  rubber  tubing  in 
making  a  joint.  • 

Mr.  E.  C.  Uhlig  (Brooklyn):  Is  there  any  difficulty 
in  regulating  the  temperature  of  the  inlet  water,  that  is,  does 
the  tank  which  is  recommended,  fulfil  that  requirement  totally  ? 

Is  there  any  difficulty  about  the  recording  instrument  he 
uses?  I  have  noticed  in  our  works  that  such  clocks  can  be 
slow  or  fast,  and  hard  to  regulate.    And  then,  as  some  of  us 
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have  invested  already  in  calorimeters,  we  would  like  to  know, 
can  we  add  this  recording  attachment  to  the  calorimeters  we 
now  have? 

Mr.  a.  T.  Bau)win  (Detroit) :  To  discuss  from  a  com- 
petitor's standpoint  the  paper  that  has  been  presented  on  the 
Hinman- Junker's  Recording  Calorimeter,  is  a  rather  delicate 
matter,  but  nevertheless  I  will  endeavor  to  approach  it  in  a 
fairminded  and  just  way. 

Recording  calorimetry  presents  three  questions.  These  are: 
What  is  to  be  the  demand  of  a  recording  calorimeter? 
What  must  it  automatically  correct  for  if  it  is  depended  upon? 
For  what  service  is  it  to  be  used  and  are  users  prepared  for 
it  ?  In  what  follows,  I  may  answer  some  of  these  questions  in 
answering  the  others. 

As  to  the  demand  of  a  recording  calorimeter,  is  it  for  the 
service  of  works'  control  or  is  it  for  the  testing  of  the  gas  for 
official  verification  of  its  heating  value?  It  has  been  definitely 
settled,  I  think,  that  the  total  heat  value  is  the  one  to  be  de- 
termined by  it.  A  large  number  of  the  states  now  have  de- 
termined upon  the  total  heating  value  as  the  standard,  conse- 
quently for  the  determination  of  the  heating  value  of  the  gas 
as  delivered  to  the  main  from  the  works,  this  requirement  must 
necessarily  be  fulfilled. 

In  discussing  the  calorimeter  itself,  naturally  the  first  ques- 
tion entering  the  mind  of  anyone  is  "Is  the  calorimeter  itself 
t5  be  depended  upon  ?"  Both  the  American  Gas  Institute  and 
the  Bureau  of  Standards  have  reached  the  conclusion  that  it 
is.  Nevertheless,  there  is  a  question  that  enters  the  deter- 
mination of  the  heating  value  that  I  believe  should  be  con- 
sidered. If  a  calorimeter  can  be  so  designed  that  there  is 
practically  nothing  to  be  corrected  for  or  that  would  reduce 
the  corrections  to  a  minimum,  surely  that  type  of  calorimeter 
would  mark  an  advance  over  the  one  under  discussion.  I 
refer  to  the  question  of  taking  care  of  the  varying  moisture 
in  the  air  automatically.  I  think  that  it  can  be  proved  conclu- 
sively that  the  flow  type  of  calorimeter  which  does  not  take 
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care  of  this  is  thereby  in  error.  The  hydrogen  containing 
§^ases  produce  condensate,  some  of  which  must  pass  off  with 
the  outlet  gases  from  the  calorimeter.  For  the  simple  reason 
that  they  pass  away  saturated  and  yet  the  air  utilized  for  the 
calorimeter  may  enter  it  at  varying  per  cents  of  moisture,  by 
having  the  air  enter  a  calorimeter  practically  saturated,  this 
difficulty  is  overcome  and  if  accuracy  in  determination  is  what 
is  desired,  then  a  calorimeter  that  would  give  this  figure  and 
take  care  of  it  automatically  so  that  the  calculation  should  not 
have  to  be  made  by  the  operator,  would  give  the  manufacturer 
a  truer  value  of  the  gas  that  he  is  producing,  than  one  not 
designed  to  accomplish  this  purpose.  This  has  been  the  reason 
for  the  design  of  our  total  heat  calorimeter.  In  this  recording 
calorimeter  of  the  American  Meter  Company,  this  has  not 
been  taken  into  consideration. 

Secondly,  the  method  of  recording  the  temperatures  of  the 
inlet  and  outlet  waters  may  allow  for  radiation  error  from 
these  points  of  inlet  and  outlet  that  may  or  may  not  be  of 
sufficient  importance  to  consider.  However,  I  do  think  it 
might  be  well  to  encase  the  outlet  bulb  of  the  calorimeter  to 
overcome  loss  by  radiation.  Leaving  the  inlet  bulb  open  to  the 
air,  would  tend  to  equalize  the  temperature  of  the  water  with 
that  of  the  room. 

The  third  point  would  be  the  check  of  the  recording  tem- 
peratures. This  can  easily  be  done  by  inserting  thermometers 
which  have  been  carefully  calibrated,  in  both  the  inlet  and 
outlet  bulb  chambers  and  checking  them  up  with  the  regular 
inlet  and  outlet  thermometers.  If  a  calorimeter  is  simply  for 
works  service  only,  correction  for  moisture  and  air  might  not 
have  to  be  made.  If  it  is  for  the  determination  of  the  heating 
value  as  delivered  to  the  city  mains,  it  might  be  very  important 
to  make  these  corrections,  for  naturally  the  gas  maker  wishes 
to  obtain  credit  for  all  the  heat  in  the  gas  and  thereby  over- 
come any  possibility  of  a  criticism  from  the  Public  Service 
Commissions. 

As  to  the  users  being  prepared  for  a  recording  calorimeter,  I 
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would  like  to  bring  up  a  few  points  that  we  have  met  in  in- 
troducing our  own  calorimeter,  that  might  be  of  service  to  the 
American  Meter  Company  in  the  development  of  theirs.  I 
think  the  gas  maker  in  purchasing  the  calorimeter,  especially 
where  the  art  has  not  been  developed  as  fully  as  it  might  be, 
should  have  both  the  inclination  and  the  determination  to  give 
the  apparatus  an  absolutely  fair  treatment.  I  speak  of  this 
because  we  ourselves  have  met,  I  think,  some  rather  unreason- 
able conditions  which  I  do  not  believe  justifiable.  Although 
our  calorimeter  is  supposed  to  correct  for  temperature,  it  is 
rather  unreasonable  to  expect  a  recording  device  to  take  care 
of  an  instantly  varying  temperature  that  would  result  from 
opening  a  window  near  the  calorimeter  on  a  cold  winter's  day 
where  the  temperature  within  (say)  would  run  70,  and  with- 
out (say)  40. 

Even  though  a  calorimeter  is  designed  to  take  care  of  vary- 
ing temperatures  within  certain  limits,  nevertheless  it  would 
seem  only  fair  and  just  to  it  to  place  it  in  a  room  where  the 
temperature  was  practically  under  control  and  at  least  give  it  a 
room  that  is  as  suitable  for  it  as  for  the  flow  type.  The  user 
should  also  be  willing  to  deliver  a  water  to  it  that  as  closely 
as  possible  is  at  a  constant  temperature,  irrespective  of  the 
fact  that  the  calorimeter  may  be  designed  to  accomplish  this 
same  purpose.  It  might  be  well  to  filter  the  water  to  overcome 
the  fouling  of  the  interior  of  the  calorimeter.  The  gases  for 
delivery  to  the  apparatus  should  be  free  from  tarry  matter  so 
that  the  apparatus  should  nat  be  fouled.  This  may  be  especi- 
ally applicable  to  the  service  required  of  it.  For  works  ser- 
vice, any  filtering  device  for  the  gas  should  be  of  such  a  char- 
acter as  to  deliver  a  clean  gas  to  the  apparatus  and  the  gas 
maker  for  his  own  sake  as  well  as  that  of  the  calorimeter 
manufacturer,  should  be  willing  to  spend  a  little  time  in  the 
development  of  such  a  filter,  as  he  is  fully  informed  of  the 
character  of  the  gas.  In  other  words,  do  not  subject  the  ap- 
paratus to  unfair  conditions.  Let  them  be  the  best  obtainable. 
Also  in  checking  up  the  calorimeter,  check  it  up  with  more  than 
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one  calorimeter.  It  is  not  impossible  that  the  works  cal- 
orimeter may  be  out  of  calibration. 

We  have  a  number  of  calorimeters  in  successful  operation 
to-day,  one  at  the  Zenith  Furnace  Company,  and  a  niunber  of 
them  elsewhere.     A  large  number  are  in  England. 

In  closing,  I  wish  to  say  that  I  wish  our  competitors  success 
in  the  development  of  an  apparatus  that  will  give  to  the  gas 
public  a  means  of  greater  control  and  better  results  than  they 
now  have,  and  a  greater  development  of  the  art. 

Mr.  Stone:  I  should  be  glad  to  claim  the  credit  for  de- 
vising this  instrument,  but  I  am  only  the  assistant.  Mr.  W.  H. 
Hinman  is  the  technical  man. 

The  Chairman:  If  there  is  no  further  contribution,  we 
will  call  on  Mr.  Hinman  to  close  the  discussion  on  this  sub- 
ject 

Mr,  Hinman  :  Mr.  Macbeth  said  that  the  calorimeter  he 
had  an  experience  with,  burned  out  because  of  the  failure 
of  the  rubber  tubing.  Our  instrument  would  be  furnished 
with  metallic  tubing  throughout. 

Mr.  Uhlig  brought  out  the  question  of  inlet  water.  In 
winter  the  room  temperature  (say)  is  70  degrees,  the  water 
coming  from  the  main  may  be  40  degrees,  or  a  little  under.  In 
that  and  many  similar  cases  it  would  be  necessary  to  supply  the 
water  through  a  small  gas  water  heater.  We  did  this  in  our  test 
at  Middletown,  and  we  found  that  after  setting  the  water  heater 
and  starting  it,  that  it  remained  very  constant  throughout  the 
day.  We  had  no  trouble  with  maintaining  the  water  at  or 
near  the  room  temperature. 

The  recording  thermometer  is  furnished  to  us  by  the  Hoh- 
mann  &  Maurer  Company.  If  it  is  borne  in  mind  that  this 
recording  calorimeter  is  simply  an  ordinary  calorimeter  with 
recording  thermometers,  many  of  the  questions  would  clear 
themselves,  as  all  the  factors  and  influences  that  will  influence 
an  ordinary  calorimeter,  have  the  same  eflFect  on  this  record- 
ing calorimeter. 

The  question  was  brought  up  of  converting  the  calorimeters 
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now  in  use,  and  connecting  them  to  the  recording  calorimeters. 
It  would  simply  be  necessary  to  add  recording  thermometers 
to  the  ordinary  calorimeter. 

Mr.  Baldwin  brought  up  a  great  many  questions:  First, 
the  demand  for  such  an  instrument.  We  believe  most  gas 
men  feel  there  is  a  great  demand  for  a  recording  instrument. 
It  would  be  of  great  service  to  a  gas  works  engineer,  or  any 
one  connected  with  the  manufacture  of  gas,  to  note  the  varia- 
tion of  his  B.  t.  u.'s  during  the  day.  As  it  is  now,  most  com- 
panies make  one  test  a  day,  some  do  not  make  more  than  two 
or  three  a  week.  Some  make  three  or  four  a  day,  but  the 
recording  calorimeter  will  g^ve  a  continuous  result  through- 
out the  twenty- four  hours,  and  enable  the  gas  man  to  detect 
any  variation.  And  we  believe  that  the  demand  for  that  is 
very  great.  In  fact  if  a  satisfactory  recording  calorimeter  can 
be  furnished,  most  every  gas  company,  I  think,  would  get  one. 

It  was  asked  whether  it  was  for  the  works  superintendent  or 
the  gas  manager.  I  think  I  have  answered  that.  It  would  be 
for  both  of  them. 

Before  using  the  instrument  for  official  tests,  it  would  be 
necessary  to  have  it  officially  inspected  and  approved.  As  Mr. 
Stone  stated,  we  have  just  got  this  calorimeter  to  work,  and 
this  is  really  the  first  long  test  we  have  made  of  it. 

We  consider  that  there  is  practically  no  radiation  from  the 
tubes  of  the  recording  devices.  The  instrument  is  rejacketed 
throughout,  and  the  tubes  are  likewise  rejacketed. 

As  for  various  corrections  of  specific  gravity  and  tempera- 
ture, it  would  in  some  cases  be  necessary  to  make  a  correction, 
but  that  would  be  easily  obtained  by  making  an  observation  of 
the  meter,  getting  the  corrected  volume,  and  applying  that  to 
the  reading  of  the  chart.  That  is,  the  first  test  would  be  to 
make  a  regular  B.  t.  u.  determination,  and  set  the  instrument. 
In  that  first  determination,  those  correction  factors  are  all 
present.  Now,  if  those  correction  factors  varied  sometimes 
during  the  day,  sufficiently  to  cause  a  correction  for  the  instru- 
ment, the  difference  between  the  correction  factors  and  the 
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first  correction  factors  would  give  the  basis  for  correction  on 
the  reading  of  the  chart. 

The  room  temperature — well,  in  reply  to  that  I  would  say, 
as  most  people  know,  people  are  very  careful  of  their  room 
temperature.  They  do  not  open  their  windows  to  let  a  gale  of 
air  blow  through.  Everyone  knows  a  calorimeter  will  not  give 
the  best  results  when  a  stream  of  cold  air  30  or  40  degrees 
lower  than  the  previously  surrounding  air  is  passed  over  it. 

I  do  not  know  that  filtering  the  gases  is  essential.  It  has 
been  thought  necessary  for  ordinary  calorimetry  work,  and 
the  same  conditions  should  apply  to  the  recording  type  of 
calorimeter. 

Just  to  close:  Mr.  Stone  spoke  of  the  originator  of  the 
instrument.  I  might  say  that  many  of  the  men  in  the  Amer- 
ican Meter  Company  have  been  influential  in  devising  it,  and 
foremost  among  them  is  Mr.  Harrington. 

That  is  all.    I  thank  you.     (Applause.) 

The  Chairman  :  I  am  sure  we  have  had  a  very  interest- 
ing and  profitable  first  session  of  the  Chemical  Section.  I 
have  been  agreeably  disappointed  in  finding  it  was  not  dif- 
ficult to  fill  our  time  entirely.  There  is  one  respect  in  which 
we  have  introduced  efficiency  in  this  session.  Instead  of 
someone  getting  up  after  each  paper  and  suggesting  a  vote 
of  thanks  of  the  section  for  the  author  of  each  individual 
paper,  this  matter  has  been  reserved  until  the  close  of  the 
session,  so  that  we  can  have  one  vote  of  thanks  to  include  all 
of  the  authors  of  papers  which  have  been  presented  this 
morning.  I  am  now  ready  to  receive  a  motion  to  that  effect 
from  Mr.  Macbeth. 

Mr.  Macbeth:    I  make  such  a  motion,  Mr.  Chairman. 

Dr.  EHriOTT :  I  second  the  motion,  and  in  doing  it,  I  want 
to  congratulate  the  Institute  for  giving  the  chemists  a  show. 
I  say  gas  manufacture  is  essentially  a  chemical  process,  and 
all  its  ramifications  are  chemical.  I  appreciate  the  engineering 
end,  but  this  is  the  American  Gas  Institute  and  not  the  In- 
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stitute  of  Gas  Engineers.     It  comprehends  everything  in  gas. 
(Motion  stated  and  carried.) 

The  Chairman:  We  started  fifteen  minutes  late  this 
morning.  We  must  not  be  late  in  starting  this  afternoon. 
We  have  reason  to  be  congratulated  in  that  the  Bureau  of 
Mines  has  contributed  so  much  to  our  program.  This  is  a 
line  of  constructive  governmental  work  which  counts  for  a 
great  deal.  Each  of  us  individually  feels  limited  in  the 
amount  of  research  work  possible  for  himself.  It  is  an  evi- 
dence of  broad  statesmanship  that  the  government  is  taking  up 
this  research  work,  and  it  is  encouraging  to  the  men  in  the 
Bureau  of  Mines  to  go  around  to  the  different  organizations, 
composed  of  men  who  can  make  use  of  knowledge  which  they 
secure  in  their  investigations. 

I  think  some  action,  possibly  on  the  part  of  the  Chemical 
Section,  in  the  way  of  formal  appreciation  of  that  work  of  the 
Bureau  of  Mines,  and  also  personal  appreciation  of  the  work 
of  the  gentlemen  of  that  Bureau  who  have  contributed  to  our 
work,  would  be  in  order  this  afternoon. 

The  Chairman  :    We  will  now  take  a  recess  until  2  p.  m. 

Adjourned,  12:35  p.  m. 
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CHEMICAL  SECTION. 

Afternoon  Session,  Thursday,  October  22. 

Mr.  W.  S.  Blauvelt  (Detroit),  Chairman,  Presiding. 

Mr.  Theodore  Bunker  (Paterson,  N.  J.),  Section  Secre- 
iry. 

The  Chairman  called  the  meeting  to  order  at  2  p.  m. 

The  Chairman  :  We  will  begin  the  afternoon  session  by 
le  presentation  of  a  paper  by  Messrs.  G.  A.  Burrell  and  I.  W. 
Lobertson,  both  of  Pittsburgh,  entitled  "The  Separation  of  the 
lluminants  in  Mixed  Coal  and  Water  Gas."  Mr.  Burrell  will 
resent  the  paper.     (Applause.) 

THE  SEPARATION  OF  THE  ILLUMINANTS  IN 
MIXED  COAL  AND  WATER  GAS.^ 


Introduction. 

In  this  paper  are  shown  experiments  made  by  the  Bureau 
)f  Mines  that  resulted  in  separating  the  illuminants  in  the 
nixed  artificial  gas  of  Pittsburgh.  This  gas  is  made  by  mix- 
ng  one  part  of  carbureted  water  gas  with  three  parts  of  coal 
12LS.  The  separation  was  made  fractionally  distilling  the  gas 
n  a  vacuum  at  low  temperatures  and  follows  the  method  de- 
niled  by  the  bureau  in  separating  natural  gases.^ 

In  both  the  natural  gas  work  and  the  coal  gas  work  advan- 
tage was  taken  of  work  on  the  subject  by  P.  Lebeau  and  A. 
Damiens'  who  separated  mixtures  of  the  paraffin  hydrocarbons, 
ilso  artificial  gas  by  the  same  method.  The  bureau,  how- 
ever, separated  the  paraffin  hydrocarbons  into  single  consti- 
tuents and  found  it  necessary  to  refractionate  distillates  and 
residues  in  all  cases  to  obtain  pure  gases.  Lebeau  and 
Damien  make  no  mention  of  this  latter  necessity  and  separated 
the  paraffins  in  pairs.     Further,  there  is  shown  in  this  paper 

^  Presented  at  the  meeting  of  the  American  Gas  Institute,  October 
!o,  1914,  New  York  City,  with  the  permission  of  the  Director  of  the  U. 
>.  Bureau  of  mines.. 

'  Burrell,  G.  A.  Seibert,  F.  M.,  Gas  analysis  by  fractional  distillation 
it  low  temperatures.  Jour,  of  the  Amer.  Chem.  Soc.  Vol.  36  No.  7, 
uly  1914,  pp.  1538-1548. 

'  Coraptes  Rendus,  Vol.  156,  p.325,  1913,  and  Vol.  156,  p.  797,  1913. 
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a  simple  method  for  the  determination  of  benzene  in  gas. 
The  principle  of  the  entire  procedure  rests  on  the  fact  that  the 
gases  at  different  stages  in  the  analysis  are  subjected  to  tem- 
peratures at  which  certain  constituents  can  be  removed  by  a 
mercury  pump  from  certain  others  which  have  low  vapor  ten- 
sions at  the  temperature  selected.  It  was  found  impossible  to 
make  a  clean  separation  in  any  case  at  one  fractionation,  hence 
distillates  and  residues  were  refractionated  until  the  separa- 
tion was  as  complete  as  was  desired. 

The  following  groups  show  the  constituents  in  artificial  gas 
that  can  be  separated  at  different  temperatures.  The  first 
column  shows  the  distillates  that  can  be  obtained  at  a  particu- 
lar temperature  and  the  second  column  the  residues,  i,  e.,  those 
gases  that  have  inappreciable  vapor  pressures  at  the  tempera- 
tures given. 

Tbmpbraturb  of  Liquid  Air 

Boiling  point 
Distillates  Degrees  cent.  Residue  Degrees  cent. 

Methane  (CHJ — i6o        Ethane  (C,He) -93 

Nitrogen  (N,) —195        Propane  (CjH^)  ....  —45 

Oxygen  (O,) —173        N-Butane  (C4H,o)  ••       i 

Carbon 
monoxide  (CO)  ...  —193        Iso-Butane  (C^Hio)-.  —10 

Hydrogen  ( H^) —253        Ethylene  (C.H^) ....   —103 

Propylene  (C,He)...  —51 
Iso-Butylene*(C4HR).  —4 

Benzene  (CjHe) 80 

—155°  Centigrade  to  —145°  Centigrade. 

Boiling  point  Boiling  point 

Distillates  degrees  cent.  Residue  degrees  cent. 

Ethylene  (C^H^)  ....  —103        Propane  (C,H. ) —45 

Ethane  (C^H,) -93  N-Butane  (C4H10)     •  •  •       i 

Iso-Butane  (C^Hio)  . ..  —10 

Propylene  (C^Hg ) —51 

Iso-Butylent-  (C^^Hg)  ..   —4 
Benzene  (QH  J    80 

—13c®  Centigrade  to  —120®  Centigrade. 

Boiling  point  Boiling  point 

Distillates  degrees  cent.  Residue  degrees  cent. 

Propane  (C^U^) —45        N-Butane  (C^Hjo)  ...       i 

Propylene  (CsH«) —51        Iso-Butane  (C^H,o)  ••  •  —10 

Iso-Butylene  (C^Hg)..  —4 

Benzene  (CeH,) 80 

*  The  boiling  point  of  N-butylene  could  not  be  found  in  the  litera- 
ture. The  N-Dutylene  was  not  separated  from  the  iso-butylene. 
Neither  was  the  N-butane  separated  from  the  iso-butane. 
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—78°  Centigrade. 

Boilingr  point  Boiling  point 

Distillates  degrees  cent.  Residue  degrees  cent. 

N-Butane  (CiHjq) i  Benzene 80 

Iso-Butane  (C4HJ0)  •  ••  —10 

Iso-Butylene  (C4H8)  ..  —4 

Composition  of  the  Coal  Gas  of  Pittsburgh 
as  anai.yzed  by  ordinary  method. 

Analysis  made  September  /,  1914. 

Constituents  Per  cent. 

Carbon  Dioxide  (CO^) 2.64 

Oxygen  (O,) 0.81 

lUuminants 8.67 

Carbon  Monoxide  (CO) i3*34 

Hydrogen  (H,) 37.04 

Methane  (CH4) 30.96 

Ethane  (C,H,) 1.82 

Nitrogcn(Hj) 4.72 

Total 100.00 

In  making  the  above  analysis,  the  carbon  dioxide  yvas  re- 
moved by  the  caustic  potash  solution,  the  oxygen  by  alkaline 
pyrogallate  solution,  the  illuminants  by  fuming  sulphuric  acid, 
the  hydrogen  by  absorption  in  colloidal  palladium^  solution, 
the  methane  and  ethane  by  slow  combustion  and  the  nitrogen 
by  difference. 

The  above  gas  was  next  subjected  to  fractional  distillation 
at  various  low  temperatures  in  the  apparatus  shown  in  Fig. 
I.  (Apparatus  for  the  Liquefaction  and  Fractionation  of 
Gases).  At  (a)  is  shown  a  Dewar  flask  to  hold  the  refrig- 
erant used  in  cooling  the  gases;  (b)  is  the  bulb  in  which  the 
gases  were  cooled;  (d)  is  a  gas  analysis  burette  and  (c)  an- 
other gas  container  for  measuring  the  gases  prior  to  cooling; 
(e)  is  a  pressure  guage  for  registering  pressures  in  the  Topler 
pump;  (f)  is  a  drying  tube  containing  phosphorous  pentoxide 
for  removing  the  water  vapor  from  the  gases;  (g),  (h)  and 
(i)  are  containers  for  trapping  the  gases  over  mercury  as  they 

*  See  Burrell  G.  A.  and  Oberfell  G.  G.  The  absorption  of  hydrogen 
by  collodail  palladium  solution.  Jour,  of  Ind.  and  Bng.  Chemistry,  Vol. 
6,  No.  8,  Nov.  19 14. 
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are  removed  from  the  pump;  (h)  and  (i)  are  provided  with 
three-way  stop-cocks.  The  particular  advantage  of  contain- 
ers, such  as  are  shown  at  (h)  and  (i),  lies  in  the  fact  that  they 
could  be  filled  with  mercury  by  forcing  down  on  them  with 


Fig.  I.     Apparatus  for  the  liquefaction  and  fractionation  of  gases.  Page  221 

the  stop-cock  open  to  the  air,  finally  filling  the  capillary  tubes 
with  mercury.  The  gas  from  the  pimip  could  then  be  intro- 
duced into  them  by  means  of  the  goose  neck  tube  attached  to 
(j)  leaving  a  mercury  seal  in  the  capillary  tube;  (j)  is  a  pres- 


Digitized  by  VjOOQIC 


r' 


Digitized  by  VjOOQIC 


BV 


'3ia 


r.«  CI 


.J 


•    3T* 


Digitized  by  VjOOQIC 


223 

ire  gauge  which  was  of  principal  use  in  the  benzene  deter- 
ination;  (o),  (n)  and  (m)  are  three-way  stop-cocks.  A 
►unterpoise  (p)  attached  to  the  mercury  reservoir  of  the 
opler  pump  greatly  facilitated  the  working  of  the  pump. 

First  Series  of  Fractionations. 
In  Fig.  2  are  shown  the  various  steps  in  the  main  separation 
t  the  gas. 

The  original  volume  of  sample  (2,048  cc.)  was  first  freed 
t  the  carbon  dioxide  by  passing  it  through  caustic  potash  solu- 
on.  Fifty-three  cc.  of  carbon  dioxide  were  removed,  leaving 
995  cc.  The  latter  quantity  of  gas  was  then  cooled  in  the 
lib  (b)  (Fig.  i),  (about  300  cc.  at  a  time)  at  the  tempera- 
ire  of  liquid  air.  After  the  introduction  of  each  300  cc, 
uinping  was  started,  and  as  much  of  the  gas  removed  as 
ossible.  There  resulted  a  distillate  (a)  and  a  residue  (b). 
he  distillate  (a)  was  fractionated  at  the  temperature  of 
quid  air,  resulting  in  two  more  fractions  (c)  and  (d)  ;  (d) 
^as  added  to  the  residue  (b),  and  the  total  again  fractionated 
t  the  temperature  of  liquid  air.  The  distillate  (f)  thus 
btained  was  added  to  the  distillate  (c),  and  the  total  again 
ractionated  at  the  temperature  of  liquid  air.  The  residue  thus 
btained  (10  cc.)  was  added  to  the  residue  (e),  and  the  total 
gain  fractionated.  There  resulted  a  distillate  (g)  of  3  cc. 
rhich  was  added  to  the  distillate  (i)  making  a  total  of  1,782  cc. 
*his  first  series  of  fractionations  shows  the  general  procedure. 
it  the  temperature  adopted — in  thise  case  the  temperature  of 
quid  air — the  gases  were  repeatedly  fractionated  until  no 
lore  distillate  of  consequence  could  be  obtained.  Three  cc. — 
lie  final  distillate  obtained — is  about  only  0.15  per  cent,  of  the 
riginal  quantity  of  gas  (2,048  cc.)  taken  for  the  experiment, 
^he  total  distillate  obtained  at  the  temperature  of  liquid  air 
iras  1,782  cc,  and  consisted  of  those  gases  that  have  an  appre- 
iable  vapor  tension  at  that  temperature.  This  fraction  con- 
isted  of  0.81  per  cent,  oxygen,  13.25  per  cent,  carbon  monox- 
le,  37.33  per  cent,  hydrogen,  31.13  per  cent,  methane,  and 
.23  per  cent,  nitrogen.    It  will  be  observed  that  the  quantities 
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of  these  constituents  check  very  well  with  the  quantities  of  the 
same  constituents  found  in  the  original  ordinary  analysis  of 
the  coal  gas  (p.  3).  The  residue  of  the  first  series  of  frac- 
tionations (191. 6  cc.)  should  consist  of  those  gases  and  vapors 
that  do  not  have  an  appreciable  vapor  pressure  at  the  tem- 
perature of  liquid  air.  They  are  CgHe,  CgHg,  C4H10,  CjH^, 
CaHe,  C^Hg  and  CeHe.  In  other  words,  the  so-called  illumi- 
nants  of  coal  gas  with  the  addition  of  ethane  and  probably 
propane. 

Second  Series  of  Fractionations. 
The  residue  (h)  (191. 6  cc.)  was  next  cooled  at  temperatures 
ranging  from  — iss"*  to  — 145**  C,  and  as  much  gas  removed 
as  possible  with  the  mercury  pump.  Distillates  and  residues 
were  repeatedly  fractionated  until  there  was  obtained  167.0  cc 
of  gas  consisting  of  ethane  and  ethylene.  This  fraction  was 
analyzed  in  two  ways,  first  by  burning  the  entire  fraction  with 
oxygen  and  second  by  first  removing  the  ethylene  with  fuming 
sulphuric  acid  and  then  burning  the  ethane  in  oxygen.  The 
data  covering  these  two  methods  of  analysis  follows: 

Analyses  of  Ethane  and  Ethylene. 
Analysis  by  Combustion. 

Cubic  centimeters  Per  cent. 

Sample  taken 15.12  — 

Oxygen  added 94.42 

Total  volume 109.54  — 

Volume  after  burning; 78.00  — 

Contraction  produced 31.54  — 

Volume  after  KOH  absorption 48.27  -— 

Carbon  dioxide  produced 29.73  — 

Ethane —  23.90 

Ethylene —  74.40 

Analysis  by  Absorption  and  Combustion, 

Cubic  centimeters  Per  cent. 

Sample  taken 34. 18  — 

After  absorption  in  fuming  H2SO4 . .       8.85  — 


Absorbed  by  fuming  H^SOi 25.3, 

xyee 
Total  volume  for  combustion 85.13 


Oxyeen  added 


)y  luming  ti^^u^ 25.33 

ded 76.28 


Volume  after  burning 64.95  — 

Contraction 20.18  — 

Volume  after  KOH  absorption 49.02  — 

Carbon  dioxide  produced  by  burning  15.93 

Ethane ' -  23.3 

Ethylene —  74.  i 
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It  will  be  observed  that  the  ethane  and  ethylene,  as  found  by 
t  two  methods  of  analysis,  check  very  well,  showing  that 
ler  gases  were  not  present  in  the  distillate  in  significant 
lounts.  The  percentages  as  found  above  were  averaged  and 
ciliated  to  percentages  of  the  original  gas. 

Third  Series  o^  Fractionations. 
\fter  the  removal  of  the  ethane  and  ethylene,  there  remained 
4  cc.  of  gas  which  was  fractionated  at  temperatures  rang- 
:  from  — 130°  to  — 120°  C.  The  distillate,  21. i  cc,  was 
ilyzed  by  burning  it  in  oxygen,  and  measuring  the  resulting 
itraction  and  carbon  dioxide  and  calculating  to  propane  and 
)pylene.  This  method  does  not  isolate  the  gases,  and  hence 
ts  not  show  that  other  gases  than  these  two  were  not  present, 
working  on  the  separation  of  the  paraffin  hydrocarbons, 
wever,  the  Bureau  found  that  propane  could  be  separated 
»m  ethane  at  temperatures  between  — 130°  and  — 120**  C. 
3pylene  has  a  boiling  point  very  close  to  propane,  and  the 
ling  point  of  ethylene  is  not  far  different  from  that  of 
ane,  hence  it  is  assumed  that  propylene  and  ethylene  would 
pond  to  the  same  treatment  as  the  propane  and  ethane. 

Fourth  Series  o^  Fractionations. 
^fter  removing  the  propylene  and  propane,  there  remained 
isidue  of  2.3  cc,  only  o.ii  per  cent,  of  the  original  quantity 
gas  (2,048.0  cc).  This  residue  was  analyzed  by  burning 
n  oxygen,  and  the  contraction  and  carbon  dioxide  calcu- 
:d  to  butylene.  The  observed  data  follows. 
Anai^ysis  of  Butyi^enb  Residue. 

Cubic  centimeters     Per  cent. 

Volume  taken  for  analysis 2.3  — 

Oxygen  added 93.81  — 

Total  volume 96. 1 1  — 

Volume  after  burning 90.53  — 

Contraction  produced 5.58  — 

Volume  after  KOH  absorption 82.86 

Carbon  dioxide  produced  by  burning . .  7.67  — 

According  to  the  reaction 

C.Hg  +  60,  =  4CO,  +  4H,0 
15 
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there  results  3  volumes  contraction  and  4  volumes  carbon 
dioxide,  when  butylene  reacts  with  oxygen.  The  contraction 
and  carbon  dioxide  observed  in  the  above  analysis,  5.58  cc. 
and  7.67  cc,  is  almost  in  the  ratio  of  3  to  4,  within  the  error 
of  making  the  analysis,  hence  the  data  was  calculated  to  buty- 
lene. Such  a  small  quantity  of  gas  was  available  to  woric 
upon  that  there  might  easily  have  been  a  trace  of  butane  pres- 
ent. However,  the  total  quantity  compared  to  the  original 
volimie  was  only  o.ii  per  cent,  or  practically  insignificant. 

The  total  number  of  cubic  centimeters  of  gas  from  the  vari- 
ous fractions  equals  1,782  -f  167  +  21.1  +  2.3  =  1,9724  cc 
This  is  exclusive  of  the  benzene.  The  benzene  as  found  by 
using  a  separate  portion  of  the  gas  is  1.33  per  cent,  of 
the  gas.  Then  2,048  cc.  X  1-33  per  cent.  =  27.2  cc,  and 
1,972.4  cc  +  27.2  cc.  =  1,999.6  cc,  or  within  about  5.0  cc. 
of  the  amount  (1,995  cc)  that  was  fractionated.  Consider- 
ing the  ntmiber  of  times  the  different  fractions  of  gas  were 
handled  and  measured  in  the  fractionation  analysis,  this  is  not 
a  bad  check  on  the  operation. 

Determination  of  Benzene. 

For  the  benzene  determination,  a  separate  quantity  of  gas 
was  used,  and  advantage  taken  of  an  apparatus  suggested 
by  Dr.  G.  A.  Hulett,  Chief  Chemist  of  this  Bureau,  for  the 
determination  of  water  vapor  in  air.  Dr.  Hulett  suggested  that 
air  with  its  moisture  be  cooled  at  the  temperature  of  liquid 
carbon  dioxide  and  the  air  be  then  removed  with  a  mercury 
pump,  and  the  water  vapor  be  determined  after  removing  the 
cooling  medium,  by  measuring  its  pressure.  It  was  a  simple 
matter  to  apply  this  principle  to  the  determination  of  benzene 
in  coal  gas.  The  procedure  was  to  free  the  coal  gas  of  carbon 
dioxide  and  water  vapor  and  introduce  it  into  the  liquefaction 
bulb  (b)  (Fig.  i),  cool  it  at  a  temperature  of  — 78®  C.  and 
remove  as  much  gas  with  the  pump  as  possible.  The  stop- 
cock (n)  on  the  bulb  was  then  closed  and  the  Dewar  flask 
containing  the  cooling  medium  removed.  The  condensed 
liquid  in  the  bulb  was  then  vaporized  and  its  pressure  read  on 
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le  manometer  (j)  (Fig.  i).  This  pressure  compared  to  the 
riginal  pressure  of  the  gas  gave  the  per  cent,  of  benzene  in 
le  coal  gas.  The  results  of  two  determinations  are  shown  in 
le  following  table : 


Resui^ts  of  the  Benzene  Determination. 


Original 
reasureof 
the  gas 
Mm.  of 
mercury 

744 
744 


Partial 

Eressure  of 
e  benzene 
vapor. 
Mm.  of 
mercury 

lO 


lUuminants 

found  in  the 

distillate 

Per  cent,  of 

the  total 

coal  gas 

7-32 
7-39 


Calculation 

of 
benzene 

lo  X   lOO 

744 

9  X   IQO 

744 


Pel  cent, 
benzene  in 
the  mixed 

gas  of 
Pittsburgh 

1-34 


1. 31 


The  total  illuminants  in  the  mixed  gas  of  Pittsburgh  as  found 
y  absorption  in  fuming  sulphuric  acid,  is  8.67  per  cent, 
p.  11).  The  distillate  from  the  benzene  determination  was 
nalyzed  by  absorbing  the  remaining  illuminants  in  fuming 
ulphuric  acid.  There  was  removed  7.32  and  7.39  per  cent, 
f  the  distillates.  These  amounts,  when  added  to  the  benzene, 
ound  1. 3 1  and  1.34  per  cent,  equal  8.66  and  8.70  per  cent., 
r  almost  identical  with  the  total  illuminants  in  the  mixed  gas. 
►enzene  reacts  with  oxygen  as  follows: 

CeH,  +  7.5  O,  =  6  CO,  +  3  H,0 

'he  contraction  is  2.5  volumes  and  the  carbon  dioxide  is  6 
olumes.  The  following  data  shows  the  results  of  analysis 
f  the  residual  vapor  that  was  held  in  the  liquefaction  bulb 
Fig.  i)  when  the  gas  was  cooled  at  a  temperature  of  — 78°  C. 
►efore  analysis,  the  benzene  vapor  was  diluted  with  air. 
Analysis  of  Benzene  Vapor. 

Cubic  centimeter 

Volume  taken  for  analysis 28.29 

Oxygen  added 51-94 

Total  volume 80.23 

Volume  after  burning 75-47 

Contraction  due  to  burning 4.76 

Volume  after  KOH  absorption 64.25 

Carbon  dioxide  produced  by  burning 1 1 .42 
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It  will  be  observed  that  the  ratio  between  the  carbon  dioxide 
and  contraction  is  almost  exactly  6  to  2.5,  showing  that  the 
vapor  obtained  in  the  determination  was  benzene.  Traces  of 
other  easily  condensible  vapors  may  have  been  present,  but 
apparently  in  such  small  quantity  as  to  be  negligible.  The 
authors  of  this  publication  were  unable  to  find  the  vapor 
pressure  of  benzene  at  — 78°  C,  but  apparently  it  is  very 
small.  Benzene  boils  at  80°  C.  At  — ^20**  C,  the  tension  is 
5.76  mm.*  The  authors  prepared  saturated  vapors  of  benzene 
by  shaking  pure  benzene  with  dry  air.  It  was  a  simple  matter 
to  prepare  unsaturated  vapors  of  benzene  by  simply  diluting 
the  saturated  vapors  with  air.  The  quantity  of  benzene  in 
the  air  was  checked  by  combustion  analysis.  A  number  of  tests 
were  made  of  the  benzene  in  air  by  the  method  just  described. 
It  was  found  that  at  — 78°  C.  all  of  the  benzene  could  be  sep- 
arated from  the  air.  Analyses  were  made  of  the  distillates 
and  residues  to  make  sure  that  all  of  the  benzene  remained 
in  the  liquefaction  bulb  at  the  temperature  of  — 78°  C.  The 
foregoing  method,  therefore,  seems  to  be  well  adapted  for  the 
benzene  determination.  There  is  needed  a  mercury  pump,  a 
liquefaction  bulb,  a  gas  burette  for  introducing  the  gases  and 
a  Dewar  flask  for  holding  the  refrigerant.  A  temperature  of 
— 78°  C.  can  easily  be  obtained  by  using  the  liquid  carbonic 
acid  sold  in  tanks.  The  original  volume  of  gas  does  not  even 
have  to  be  measured  and  its  exact  volume  determined.  It  is 
sufficient  to  introduce  it  into  the  liquefaction  bulb  at  atmos- 
pheric pressure  and  then  to  read  the  barometer.  The  authors 
have  also  used  this  method  for  the  determination  of  gasoline 
vapor  and  water  vapor  in  air. 

Complete  Analysis  of  the  Mixed  Artificial  Gas 
OF  Pittsburgh. 

The  complete  analysis  of  the  coal  gas  as  found  by  the  fore- 
going methods  follows: 

«  Landolt  and  Bornsteiii.     Physikalish-Chemische  Tabellen,  1905,  p. 
143  (According to  Regnault). 
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Complete  Analysis  of  Mixed  Artificial  Gas. 


Constituent 

Formula 

Per  cent 

Carbon  dioxide 

CO, 

2.63 

Oxygen 

o, 

0.80 

Carbon  monoxide 

CO 

13-25 

Hydrogen 

H, 

37.33 

Methane 

CH, 

31.13 

Ethane 

C,H, 

2.10 

Propane 

CsH, 

0.35 

Ethylene 

C,H, 

6.05 

Propylene 

CsH, 

0.60 

Bulylene 

C,H, 

O.ll 

Benzene 

CeH, 

1.33 

Nitrogen 

N, 

Total 

4.32 

100.00 

Analysis  of  a  Different  Sample  of  Coal  Gas. 

There  is  shown  below,  the  analysis  of  a  sample  of  the  mixed 

ISLS  of  Pittsburgh  collected  at  a  different  date  than  the  one 

ilready  given.     It  is  interesting  as  showing  the  marked  uni- 

ormity  of  the  gas  as  collected  on  2  days  about  7  weeks 

ipart.     The  benzene  was  not  determined  in  this  analysis  be- 

:ause  the  method  had  not  been  perfected. 

Analysis  of  a  Sample  of  Mixed  Gas  of  Pittsburgh  Made 
ON  July  10,  1914. 


Constituent 

Formula 

Per  tent. 

Carbon  dioxide 

CO, 

2.40 

Oxygen 

0, 

0.61 

Carbon  monoxide 

CO 

13.63 

Hydrogen 

H, 

37.13 

Menthane 

CH. 

30.92 

Ethane 

C,H. 

1.92 

Propane 

C.H, 

0.32 

Ethylene 

C,H, 

6.36 

Propylene 

C,H, 

0.70 

Butylene 

C.H, 

0.12 

Heating  Value  of  the  Illuminants  in  the  Mixed  Gas 
OF  Pittsburgh. 

In  calculating  the  heating  value  of  mixed  gas  from  the  analy- 
sis as  ordinarily  made,  a  value  is  usually  assigned  to  the  illum- 
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inants  that  is  an  approximation,  because  the  constituents  that 
make  up  the  illuminants  have  not  been  exactly  known.  With 
this  data  at  hand  for  the  gas  of  Pittsburgh,  the  authors  show 
below  a  value  calculated  from  the  complete  analysis. 

Tablk  Showing  the  Heating  Value  of  the  Illuminants  in 
Mixed  Artificial  Gas. 

B.  t.  u.  per  Constituents  Heating  value  of 

cubic  foot  at  o<^C.              present  in  the  constitnents 

and  760  mm.                   the  mixed  pretent  in  the 

Constituents           pressure'  artificial  gas  mixed  artificial  gas 

Ethylene 1,673  0.0605  i  io-2i 

Propylene 2,509  0.0060  15.05 

Butylene 31265  o.ooi  i  3.59 

Benzene 4,012  0.0133  53.36 

Propane 2,654  0.0035  9.29 

0.0844  182.50 

According   to   the   above   calculations,    the    illuminants  in 
the    gas    have    a    heating    value    at    0°   C.    and    760.  mm. 

pressure  of '~~ —  2,162  B.  t.  u.     The  authors  have 

8.44 

included  propane  in  the  illuminants  as  ordinarily  determined 
by  absorption  in  fuming  sulphuric  acid  because  propane  dis- 
solves to  a  certain  extent  in  the  acid;  just  how  much  is  not 
known.  It  was  found  that  the  methane  and  ethane*  were 
soluble  to  a  slight  extent.  Unquestionably,  propane  is  much 
more  so,  because  the  higher  paraffins  are  more  soluble  than 
the  lower  ones.  Excluding  propane,  the  heating  value  of  the 
illuminants  becomes : 

173.2   X    100  ^     ^  u-r^^o,^  J 

— ^^-- =^  2,141  B.  t.  u.  per  cubic  foot  at  o    C.   and 

8.09 

760  mm.  pressure. 

^  These  heating  values  were  calculated  from  the  values  as  found  by 
Thomsen.  His  values  are  given  in  Landolt  and  Bornstein's  Physikalish- 
Chemische  Tabellen,  1905,  page  425.  They  are  given  in  large  calories 
per  gram  molecule. 

*  See  Burrell  G.  A.  and  Seibert  F.  M.  The  sampling  and  examin- 
ation of  mine  and  natural  gases.  Bulletin  No.  42,  U.  S.  Bureau  of  Mines 
page  47. 
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Additionai,  Details  of  the  Experiment. 

Femperatures  higher  than  the  temperature  of  liquid  air 
re  obtained  by  cooling  a  natural  gas  condensate.  This  con- 
isate  was  obtained  from  a  natural  gas  gasoline  plant  by 
)jecting  natural  gas  (casing  head  gas)  from  an  oil  well  to 
)ressure  of  250  pounds  per  square  inch  and  then  cooling  it 
ordinary  temperatures.  A  steel  cylinder  such  as  is  used  in 
xisporting  oxygen,  was  shipped  to  the  natural  gas  gasoline 
mt  of  the  Bessemer  Gas  Engine  Company,  at  FoUansbee, 
est  Virginia,  for  the  purpose  of  collecting  the  condensate, 
lis  condensate  is  known  in  the  natural  gas  gasoline  trade  as 
Id  gasoline.  It  contains  large  quantities  of  liquid  propane 
d  the  butanes,  especially  the  latter,  as  well  as  scmie  of  the 
dinary  gasoline  constituents,  the  pentanes,  hexanes,  etc. 
rdinary  refinery  gasoline,  and  other  substances  such  as 
rohol,  ether,  methyl  and  ethyl  chloride,  jellied  so  much  at 
^  temperatures  that  they  could  not  be  used  satisfactorily, 
order  to  obtain  a  temperature  higher  than  the  temperature 
liquid  air,  say  — 145**  C,  the  condensate  was  placed  in  a 
Bwar  flask  and  stirred  with  a  test  tube  into  which  liquid  air 
is  run  until  — 145**  C.  was  reached.  Upon  removal  of  the 
5t  tube  containing  the  liquid  air,  the  condensate  warmed  up 
Dwly,  about  5*  to  10**  C.  per  hour,  thereby  affording  suf- 
:ient  time  for  the  withdrawal  of  the  vapors.  If  the  conden- 
te  rose  to  a  higher  temperature  than  was  desired,  it  was  a 
tnple  matter  to  introduce  a  little  more  liquid  air  and  cool 

Temperature  measurements  were  made  with  two  pentane 
lermometers.  They  agree  with  each  other  and  gave  within 
5**  C.  the  true  melting  points  of  chloroform  and  carbon 
isulphide,  and  the  boiling  point  of  liquid  carbon  dioxide, 
resh  liquid  air  as  it  reached  the  laboratory  from  a  plant 
earby  usually  had  a  temperature  of  — 193°  C. 
The  determination  of  hydrogen  sulphide,  acetylene,  carbon 
isulphide,  ammonia,  etc.,  that  might  have  been  present  in  the 
as,  was  not  attempted,  because  the  method  used  is  scarcely 
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adapted  to  the  estimation  of  the  traces  of  these  constituents 
that  are  present  in  coal  gas. 

Future  work  on  the  fractionation  of  artificial  gas  will  cover 
the  analysis  of  gas  that  is  used  in  other  cities  than  Pittsburgh, 
and  the  separation  of  the  illtuninants  in  the  coal  gas  before  it 
is  mixed  with  carbureted  water  gas  and  in  oil  gas  that  is  used 
to  enrich  water  gas. 

The  Chairman  :  Gentlemen,  we  have  here  a  very  inter- 
esting presentation  of  one  of  the  methods  of  laboratory  work. 
I  will  ask  Mr.  Eamshaw  to  start  the  discussion  on  this  paper. 

Mr.  E.  H.  Earnshaw  (Newark)  :  This  paper  has  been  of 
special  interest  to  me  because  quite  a  number  of  years  ago  it 
was  a  part  of  my  duty  to  find  out  what  was  in  gas,  and  the 
method  at  my  disposal  did  not  admit  of  the  method  which  Mr. 
Burrell  has  just  shown  us. 

The  determination  of  benzene  has  always  been  an  important 
point  in  gas  analysis,  and  it  has  been  difficult  to  get  a  correct 
determination,  and  it  seems  to  me  that  the  method  prescribed 
here  is  sufficiently  simple  to  make  it  possible  to  use  that  quite 
frequently,  at  least  in  the  ordinary  technical  examination  of 
the  gas ;  and  its  control  in  the  processes  of  manufacture. 

It  would  be  of  much  interest  if  Mr.  Burrell  could  tell  us 
how  his  determination  of  the  heat  illuminants  compared  with 
the  calorimetric  value  of  the  gas  itself.  If  you  know  how 
many  heat  units  there  were  in  a  gas,  it  would  be  easy  to 
check  up  and  see  whether  the  totals,  as  determined  by  this 
method  of  analysis,  would  agree  with  the  totals  shown  by  the 
instrument.  That  is  not  mentioned  in  the  paper,  and  it  would 
be  of  interest  to  know  whether  that  did  actually  occur. 

Mr.  W.  H.  FulweilER  (Philadelphia)  :  I  wonder  whether 
the  question  of  time  has  been  taken  up?  I  would  like  to 
know  how  long  it  took  to  make  a  determination  by  this 
method,  especially  the  determination  of  benzene. 

Mr.  W.  E.  Hartman  (Chicago) :  I  was  not  present 
during  the  reading  of  the  paper,  and  this  question  may  have 
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►een  answered.  Does  this  method  of  analysis  give  any  better 
tieans  of  determining  the  practical  yield  of  benzol  and  its 
lomologues  from  a  coke  oven  gas? 

The  Chairman:  Is  there  anyone  else  with  anything  to 
ring  forward?  If  not,  I  will  ask  Mr.  Burrell  to  answer  the 
[uestions  which  have  been  asked,  in  closing. 

Mr.  Burrjsi,!,:  In  reply  to  Mr.  Eamshaw's  question  I 
krould  say  that  the  samples  of  gas  were  obtained  in  the  labor- 
tory.  I  see  nothing  in  the  way  of  accurate  heating  value  re- 
ults  being  obtained  now  from  the  analyses.  The  value  2,162 
1. 1.  u.  was  calculated  at  o^  C.  and  760  mm.  pressure.  At  a 
ligher  temperature,  say  60*"  F.,  it  should  approach  pretty  close 
0  2,000  a  value  which  a  nimiber  of  gas  companies  use. 

In  r^;ard  to  the  time,  going  at  it  rather  blindly,  and  work- 
tig  up  the  details,  it  took  us  about  six  weeks.  We  did  not 
irork  steadily  all  the  time,  probably  about  four  weeks  of  that 
ime.    The  last  one  we  analyzed,  we  finished  in  two  days,  and 

think  in  the  future,  it  will  be  done  even  quicker  than  that, 
t  is  not  a  routine  method.    It  is  essentially  a  research  method. 

Now,  as  to  the  time  in  making  the  benzene  determination, 
iiat  is  quick, — one  uses  stock  articles — the  mercury  pump,  the 
as  burette  and  the  liquefaction  are  sin^ple  apparatus  and 
lethods.  Carbon  dioxide  is  obtained  in  tanks  in  any  large 
ity,  and  a  Dewar  flask  is  used  for  holding  it.  The  operation 
onsists  in  first  taking  all  the  air  out  of  the  apparatus.  That 
nil  take  from  ten  to  fifteen  minutes ;  then  the  coal  gas  is  in- 
roduced. 

We  have  not  determined  the  minimum  time  one  has  to  wait, 
efore  the  vapors  were  deposited,  but  we  found  ten  minutes 
^as  perfectly  satisfactory.  Then,  the  apparatus  is  exhausted 
gain,  the  refrigerant  taken  away,  and  the  benzene  allowed  to 
aporize.  I  would  say  about  forty  minutes  was  required  to 
wnplete  the  whole  operation. 

We  found  coal  gas  at  Pittsburgh  to  be  practically  uniform 
n  two  samples  taken  six  weeks  apart.    So  if  one  determines 
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the  composition  of  the  illuminants  once,  probably  they  will  not 
change  for  a  long  time.  So  with  the  heating  value,  as  deter- 
mined by  one  analysis,  it  can  be  used  perhaps  for  a  long  time. 

The  Chairman  :  The  next  paper  is  "The  Mode  of  Decom- 
position of  Coal  by  Heat,"  by  Messrs.  H.  C.  Porter  and  G.  B. 
Taylor,  both  of  Pittsburgh.     Dr.  Porter  will  present  the  paper. 

THE  MODE  OF  DECOMPOSITION  OF  COAL 
BY  HEAT. 


Outline. 
Introduction. 

Importance  of  carbonization  in  general. 
Fundamentals  of  the  process ;  primary  and  secondary  decom- 
position. 
Practical  application  of  these  principles  in  gas  manufacture. 
Scope  and  object  of  investigation. 
The  use  of  vacuum  in  the  study  of  carbonization. 
The  nature  of  the  primary  decomposition  process ;  summary 

of  previous  investigations. 
Experiments  on  decomposition  of  coal  under  reduced  pres- 
sure at  moderate  temperatures. 
Apparatus  and  methods. 
Description  of  coals  used  in  experiments. 
Summary  of  results. 
Experiments  on  secondary  thermal  decomposition  of  volatile 
products. 
Importance  of  further  research  in  this  field. 
General  conclusions. 

The  primary  decomposition  processes. 
The  constitution  of  coal. 

Introduction. 
Gas,  made  by  the  carbonization  of  coal,  is  the  result  of  a 
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number  of  complex  chemical  processes,  occurring  either  simul- 
taneously or  in  rapid  succession  when  coal  is  heated. 

Destructive  distillation  of  carbonaceous  matter,  or  carboni- 
zation, involves,  first,  the  primary  liberation  of  volatile  decom- 
position products  at  low  temperatures;  second,  alteration  of 
the  substance  by  heating  at  low  temperatures ;  third,  liberation 
of  volatile  products  from  this  residual  altered  substance  by 
higher  heating;  and  finally,  most  important  of  all,  secondary 
thermal  decomposition  of  the  primary  volatile  products.  It  is 
possible  in  a  study  of  carbonization  to  separate  more  or  less 
these  various  steps. 

The  present  paper  is  not  an  attempt  to  boost  low  tempera- 
ture carbonization  or  vacuum  carbonization  as  an  industrial 
possibility.  By  all  means,  let  it  be  understood  in  the  beginning 
that  we  are  not  studying  the  retort  coal-gas  process  as  a  whole, 
nor  devising  new  machines  for  gas  manufacture.  Neither  has 
the  investigation  reached  the  stage  as  yet  where  practical  yields 
and  marketable  end-products  are  directly  considered. 

We  have  analyzed  the  process  of  carbonization,  divided  it 
theoretically  into  steps  and,  by  laboratory  means,  studied  the 
early  steps.  A  laboratory  expedient,  vis,,  the  use  of  a  high 
vacuum  with  low  temperatures  of  decomposition,  has  served 
to  minimize  the  complicating  secondary  stages  of  the  process 
and  permit  an  approximate  determination  of  what  happens 
primarily  in  coal  carbonization. 

It  is  hoped  that  similar  studies  will  be  made  of  the  secondary 
stages,  and  that  by  correlation  of  the  two,  supplemented  by 
works-scale  experiments,  practical  gas  manufacture  and  fuel 
utilization  in  general  may  be  benefitted. 

The  work  of  other  investigators  in  this  field,  as  bearing  on 
the  primary  stages  of  carbonization,  will  be  reviewed  and  their 
conclusions  discussed.  The  experimental  methods  and  some 
of  the  results  of  the  present  investigation  will  then  be  shown 
by  means  of  a  few  lantern  slides,  and  an  attempt  will  be  made 
to  interpret  the  results  as  indicating  the  nature  of  the  first 
steps  in  carbonization  and  the  nature  of  coal  substance  itself. 
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If  the  use  of  metric  units,  such  as,  e,  g.,  cubic  centimeters  of 
gas  per  gram,  is  confusing  to  any  of  the  audience,  it  is  to  be 
remembered  that  the  data  are  merely  comparative  among  them- 
selves. Comparison  of  the  absolute  yields  with  those  of  indus- 
trial practice  is  not  intended  and  will  not  be  useful. 

Importance  of  Carbonization  in  General. 

_  The  subject  of  carbonization  is  of  importance  not  only  in 
the  processes  of  gas  and  coke-making,  where  it  is  paramount, 
but  in  all  other  processes  as  well,  for  the  utilization  of  coal, 
wherein  the  coal  itself  becomes  heated.  The  formation  of 
gases  and  volatile  liquids  by  decomposition  of  the  coal  sub- 
stance invariably  results  by  application  of  heat  in  even  mod- 
erate degree,  and  the  behavior  and  disposal  of  these  volatile 
products  becomes  a  factor  in  the  efficiency  of  any  such  proc- 
esses. Boiler  furnaces,  gas-producers,  metallurgical  furnaces, 
all  involve  carbonization  if  raw  coal  is  the  fuel. 

Of  late  years  the  introduction  of  novel  methods  of  carbon- 
izing coal,  notably  the  vertical  retort,  the  making  of  gas  in 
by-product  coke  ovens,  and  various  low-temperature  carboni- 
zation processes,  has  given  an  impetus  to  the  study  of  the 
fundamental  processes  involved  in  carbonization. 

Fundamentals  of  the  Process;  Primary  and 
Secondary  Decomposition. 

Very  little  of  the  final  gas  resulting  from  carbonization  in 
bulk  at  a  high  temperature  can  be  considered  as  being  present 
in  the  primary  products  liberated  from  coal.  The  action  of 
heated  surfaces  in  further  decomposing  the  primary  volatile 
products  is  a  large  factor  in  determining  the  final  products  of 
carbonization.  The  ease  with  which  these  secondary  decom- 
position processes  take  place  causes  them  to  enter  largely  into 
most  of  the  industrial  carbonization  processes. 

Practical  Application  of  These  Principles  in  Gas 
Manufacture. 

The  vertical  gas  retort,  by  virtue  of  having  a  smaller  amount 
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heated  open  space  than  the  horizontal,  in  relation  to  the 
intity  of  coal  in  the  charge,  gives  a  shorter  period  of  con- 
t  of  a  unit  of  gas  quantity  with  the  heated  space,  hence  less 
ondary  decomposition  of  the  volatile  in  this  open  space.  The 
ticals  do  not  reduce  greatly  the  total  amount  of  secondary 
:omposition,  but  they  effect  this  decomposition  more  largely 
the  space  occupied  by  the  charge  of  coal  and  therefore  at 
ver  temperatures  than  in  the  free  space  of  the  horizontals. 
>r  this  reason  more  of  the  carbon  of  the  coal  goes  into  the 
s  and  less  into  naphthalene  and  free  carbon. 
In  certain  low- temperature  carbonization  processes,  such  as 
t  Del  Monte,  the  primary  decomposition  products  are  swept 
ickly  out  of  the  heated  zone  by  a  current  of  auxiliary  gas 
d  are  cooled  by  contact  with  the  unheated  portions  of  the 
al  charge,  thus  permitting  the  condensation  and  recovery  of 
•ge  yields  of  light  oils  resembling  petroleum. 
A  wide  range  of  temperature  prevails  in  carbonization, 
►wever  small  the  mass  of  material.  Gases  and  vapors 
e  liberated  at  a  great  many  different  temperatures  and 
ss  out  of  the  vessel  by  the  route  offering  least  resis- 
ice.  Gases  issue  in  both  directions  from  the  slowly 
ntracting  plastic  layer  of  fused  coal.  Those  formed 
low  about  750°  F.  (approximately  the  fusion  point)  pass 
It  chiefly  through  the  uncoked  coal,  while  those  formed  above 
0°  F.  (much  the  larger  amount)  pass  chiefly  outside  of, the 
astic  layer,  through  the  carbonizing  mass  and  along  the 
alls.*  The  latter  portion,  however,  is  by  no  means  all  sub- 
cted  to  the  temperature  of  the  wall;  the  issuing  gases  and 
ipors  are  superheated  in  this  manner,  but  not  to  the  full 
mperature  of  the  retort  itself.  Primary  decomposition 
oducts  are  formed  throughout  the  carbonizing  mass,  partly 
low  temperatures  from  the  original  coal  substance,  and 
irtly  at  higher  temperatures  from  the  altered  substance. 
lie  amount  and  character  of  the  secondary  decomposition,  the 

'  For  a  careful  experimental  investigation  of  the  qutstion  of  dircc- 
n  of  gas  travel  in  the  charge  of  a  vertical  gas  retort,  see  O.  B.  Evans, 
aer.  Gas.  Light.  Jour.,  99,  338,  (Dec.  i,  1913). 
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thermal  reactions  or  "cracking"  processes,  undergone  by  the 
primary  volatile  matter,  are  largely  responsible  in  gas  making 
for  the  yield  and  quality  of  the  final  product. 

Scope  and  Object  of  Investigation. 

The  present  investigation  is  essentially,  then,  a  study  of  the 
decomposition  of  coal  in  its  early  stages,  eliminating  as  much 
as  possible  the  secondary  reactions  which  complicate  the  process 
in  industrial  practice.  Before  a  satisfactory  study  can  be 
made  of  the  secondary  thermal  reactions  we  must  know  what 
the  primary  reacting  bodies  are  and  the  proportions  in  which 
they  are  present.  Further  experimentation  upon  the  gases  and 
liquids  primarily  produced, — hydrocarbons,  COj,  light  oils,  and 
water, — will  aim  to  establish  for  the  secondary  superheating 
stage  of  the  process,  those  conditions  of  temperature,  pressure 
and  time  of  contact  which  will  give  highest  yields  and  highest 
quality  in  gas  and  by-products. 

The  Use  of  Vacuum  in  the  Study  of  Carbonization. 

In  order  to  reduce  secondary  reactions  to  a  minimum  we 
must,  first  of  all,  eliminate  as  far  as  possible  the  heated  open 
space  over  the  coal.  Two  further  expedients  are  then  avail- 
able. We  may  sweep  out  the  primary  products  rapidly  from 
the  heated  section  by  a  current  of  auxiliary  gas;  or  we 
may  heat  the  coal  under  an  atmosphere  of  greatly  re- 
duced pressure  and  draw  the  volatile  products  thus  very 
quickly  out  of  the  heated  section.  The  former  method  has  the 
disadvantage  of  contaminating  the  gases  from  the  coal  with 
the  auxiliary  gas  used  and  thus  rendering  precise  analysis 
difficult.  For  that  reason,  in  the  experiments  described  below, 
the  vacuum  method  was  adopted. 

Whether  it  is  justifiable  to  assume  that  under  vacuum  wc 
obtain  the  same  primary  decomposition  products  as  are  formed 
at  normal  pressure,  in  a  gas  retort,  for  example,  may  be  open 
to  question. 
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We  have  considered  carefully  whether  the  mode  of  pri- 
iry  decomposition  is  affected  by  reducing  the  pressure  and 
lether  decomposition  tmder  such  conditions  begins  at  a  lower 
nperature.  Experiments  were  made  to  throw  light  on  this 
int.  Samples  of  dry  coal  were  heated  at  482®  F.  in  a  full 
nosphere  of  nitrogen.  Approximately  the  same  amounts  of 
s  and  of  water  of  decomposition  were  produced  as  in  a 
rallel  run  in  vacuo.     (See  pp.  280-281.) 

The  indications  are  that  the  decomposition  of  the  coal  sub- 
mce  is  not  materially  changed  in  character  nor  its  temper- 
ure  of  beginning  greatly  lowered  by  reduction  of  pressure, 
otwithstanding  this  indication  it  is  reasonable  to  suppose 
at  when  the  primary  volatile  products  are  removed  more 
lickly  from  contact  with  the  decomposing  solid,  the  reactions 
ould,  by  the  principle  of  mass  action,  proceed  more  rapidly, 
id  that  the  rate  of  decomposition  of  coal  should  accordingly 
:  somewhat  more  rapid  in  vacuo  than  under  normal  pressure, 
at  the  nature  of  the  first  products  of  the  decomposition  and 
e  relative  proportions  in  which  they  are  formed  depend  not 
much  on  the  total  pressure  as  upon  the  relative  partial 
•essures  in  the  atmosphere  surrounding  the  coal.  We  are 
erefore  justified  in  using  the  experimental  results  of  the 
eating  of  coal  in  vacuo  to  throw  light  on  the  nature  of  the 
imary  products  of  decomposition  in  industrial  processes 
herein  coal  is  distilled  under  normal  pressure. 

The  important  effect  of  vacuum  in  these  experiments  or  in 
ly  carbonizing  experiments  is  the  removal  of  the  tar  vapors 
lickly  from  the  heated  zone,  so  that  they  are  recovered  with 
ss  alteration  by  thermal  decomposition.  In  carbonization  at 
jrmal  pressure  these  same  primary  tars  are  formed  but  they 
jmain  longer  in  the  heated  zone  and  are  partially  decomposed. 

Tables  I- VIII :  Water,  tar  and  various  gases  produced  by 
eating  10  grams  of  different  coals  for  10  minutes  (see 
ulletin  I,  Bureau  of  Mines,  pages  36-39). 
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TABLE  I.— Water  (Percentage  of  Air-Dried  Coai,.)* 

Average  temperature  of  coal,  <'C.*» 


700P 

850" 

4.0 

4.7 

2.1 

2.7 

13.5 

14.4 

18.7 

24.3 

Coal  3750  4750  600° 

Pittsburgh,  Pa. —  2.9  2.9 

Pocahontas,  W.  Va. . .  0.8  1.2  1.7 

Ziegler,  111 —  12.2  13.6 

Dietz,  Wyo. 14.5  21.0  18.  i 

*  Includes  free  moisture  present  in  the  coal  used.     Pittsburgh,   i.io 
percent;  Pocahontas,  0.47;  Illinois,  7.54;  Wyoming,  11. 14. 

♦*  Temperature  in  coal  was  50^-125°  C.  below  that  of  furnace. 

TABLE  II.— Tar  (Percentage  of  Air-Dried  Coal). 

Average  temperature  of  coal,  ^C. 


Coal                             375®            475°            600°              700°  850° 

Pittsburgh,  Pa —           5.2          ir.6          13.2  12.5 

Pocahontas,  W.  Va.  •  •  0.3            i.o            4.4            6.7  6.7 

Ziegler,  111 —            6.7            8.2            9.7  9.1 

Dietz,  Wyo 2.0            2.4            8.6            8.3  9.9 

TABLE  III.— CO,  (in  cc.  per  Gram  of  Air-Dried  Coal). 

Average  temperature  of  coal,  ^C. 

Coal                              375°           475°            600°            700O  850® 

Pittsburgh,  Pa —            1.4            2.3            2.3  5.2 

Pocahontas,  W.  Va. . .    —            0.9            1.3            2.2  4.2 

Ziegler,  111. 4-7            3-4            6.0           5.4  8.3 

Dietz,  Wyo 6.4          18.4          3^-5          383  42-3 

TABLE  IV.— CO,  (in.  cc.  i*er  Gram  of  Air-Dried  Coal). 

Average  temperature  of  coal.  °C. 

Coal                              375°           475"            600°             700°  850° 

Pittsburgh,  Pa —            1.4            5.5          11.3  15.5 

Pocahontas,  W.  Va...    —            0.6            2.6            8.6  11.5 

Ziegler,  111 1.7            3.1           10.5          21.3  32.7 

Dietz,  Wyo 1.2            6.4          21.8          41.5  51.4 


TABLE  v.— Methane  (in  cc.  per  Gram  of  Air-Dried  Coal). 

Average  temperature  of  coal,  °C. 

Coal  375°  475°  600O  700°  850^ 

Pittsburgh,  Pa —  8.0  29.0  40.5  62.4 

Pocahontas,  W.  Va . .    —  2.1  30.3  43.8  77.3 

Ziegler,  111. 2.6  4.0  22.8  38.3  61.3 

Dietz,  Wyo o.i  1.9  20.4  27.2  39.2 
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)LH  VI.— HiGUBR  Hydrocarbons  of  thb  Methane  Series 
(Calcui^ated  as  C,H,),  (cc.  per  Gram  op  Air-dried  Coal). 

Average  temperature  cf  coal,  °C. 

Coal                               375"  475°  600°  700°  850° 

Pittsburgh,  Pa —  5.8  19.4  20.0  14.6 

Pocahontas,  W.  Va . .    —  1.9  11. 2  20.6  5.9 

Ziegler,  111 —  4.8  6.8  8.4  6.1 

Dietz,  Wyo. o.i  1.5  7.6  7.7  8.0 

TABLE  VII.— Unsaturated  Hydrocarbons  (cc.  per  Gram 
OP  Air-Dried  Coal). 

Average  temperature  of  coal,  °C. 

Coal  375°  475°  600°  700°  850°^ 

Pittsburgh,  Pa —  1.9  5.7  8.9  11.5 

Pocahontas, W. Va.  ..    —  0.6  3.0  6.2  7.7 

Ziegler,  111 —  1.5  2.2  5.1  7.4 

Dietz,  Wyo. o.i  i.i  4.1  5.2  6.6 

ABLE  VIII.— Hydrogen  (cc.  per  Gram  op  Air-Dried  Coal). 

Average  temperature  of  coal,  °C. 
Coal  375°  475°  600°  700**  850° 

Pittsburgh,  Pa. —  0.5  21.0  54.4  108.8 

Pocahontas,  W.  Va..  —  0.2  19.1  77.6  127. i 

Ziegler,  111 —  0.6  15.7  46.7  108.2 

Dietz,  Wyo. —  —  16.6  58.2  97.  i 

BLE  IX.— Quantities  (cc.  per  Gram)  op  Dipperent  Gases  Ob- 
tained prom  Pittsburgh  Coal  by  Heating  io  Grams  por  io 
Minutes. 

Average  temperature  of  coal,  °C. 

Gas  475°  600°  700®  850° 

COj 1.4  2.3  2.3  5.2 

CO 1.4  5-5  II-3  15.5 

CH4 8.0  29.0  40.5  62.4 

C,He,  etc 5.8  19.4  20.0  14.6 

Unsaturated  hydrocarbons. ..  1.9  5.7  8.9  11. 5 

Hydrogen 0.5  21,0  54.4  108.8 

Totals 19.0  82.9        137.4        218.0 

.BLE  X.— Percentages  op  Volatile  Matter  (Without  Moist- 
ure) AND  OP  Combustible  Volatile  Matter,  prom  Pitts- 
burgh  AND   Wyoming   Coals    (Heating    io   Grams    por    io 

Minutes). 

Average  temperature  of  coal,  ^C. 
Coal  475°  600^  700®  850° 

^tsburgh: 

Total  volatile 8.9  19.7  24.3  26.8 

Combustible  volatile 6.8  17.5  21.0  22.3 

coming: 

Total  volatile 16.6  26.4  31.0  41.3 

Combustible  volatile 3.5  13.9  16.7  20.7 

16 
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The  Nature  op  the  Primary  Decomposition  Process; 
Summary  of  Previous  Investigations. 

In  Table  I-X  and  Figs.  1-4  are  shown  the  results  of  some 
previous  investigations  by  the  Bureau  of  Mines  on  "The 
Volatile  Matter  of  Coal,"  published  as  Bulletin  i,  1910. 
This  work  brings  out  chiefly  the  wide  difference  between 
coals    in   the    character    of    their    volatile    matter    and    indi- 


<4SO  S80  ••O 

TCMPCRATUPte  -  oca.  CENT. 


Fig.  1. — Tar  and  water  produced  by  heating  different  coals  at  different 
temperatures  (Bulletin  i,  Bureau  of  Mines). 

cates  that  the  primary  decomposition  products  are  COj,  water, 
and  hydrocarbons,  the  last-named  (including  the  tar)  being 
the  chief  product  from  the  older  bituminous  and  gas  coals. 
These  tests  were  made  in  a  platintmi  retort  on  10  grams  of 
coal  in  an  atmosphere  of  nitrogen.  Only  the  products  formed 
in  the  early  period  of  heating  were  collected.  The  predom- 
inance of  tar  in  the  early  low-temperature  products  from  Pitts- 
burgh coal  is  to  be  noted,  and  of  the  various  hydrocarbons  of 
the  methane  type  in  the  low-temperature  gases.    On  the  other 
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hand,  the  predominance  of  non-combustible  inert  constituents 
in  the  early  volatile  matter  from  the  western  coals, — not  of 
the  gas-making  type, — is  very  evident  from  Fig.  4. 

Since  these  experiments  were  made  several  other  investi- 
gators have  examined  the  tars  and  oils  produced  in  low-tem- 
perature carbonization. 
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Fig.  2. — Quantities  of  various  gases  produced  by  heating  different  coals 
at  different  temperatures  (Bulletin  i,  Bureau  of  Mines). 

Parr  and  Olin,  at  the  University  of  Illinois^  treated  Illinois 
coal  at  842°  F.  with  superheated  steam.  They  obtained  a 
yield  of  tar  nearly  equal  to  that  produced  by  high-temperature 
distillation,  while  the  gas  yield  by  volume  was  less  than  10  per 
cent,  of  that  at  high-temperature.  About  70  per  cent,  of  the 
tar  was  comprised  in  fractions  distilling  below  240°  C.  and  only 
a  small  amount  of  free  carbon  was  present. 
*  Bull.  60,  Univ.  of  111.  Engrg.  Expt.  Sta..  1912. 
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Pictet  and  Bouvier'  obtained  at  842°  F.  in  a  partial  vacuum 
a  thin  tar  containing  apparently  no  phenols,  naphthalene,  an- 
thracene or  other  aromatic  compounds. 


800  eoQ  700  aoo 

TCMPERATURe-DEO.  CENT. 

Fig.  3.— Gases  from  Pittsburgh  coal  at  different  temperatures  (Bulletin 
I,  Bureau  of  Mines). 

R.  V.  Wheeler  and  associates  in  England  have  carried  on 
investigations  of  the  destructive  distillation  of  coal  chiefly  with 
'  Compt.  rend.,  137,  1913,  779. 
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view  to  its  bearing  upon  the  process  of  ignition  or  inflamma- 
m  of  coal  dust  suspended  in  air.* 

In  some  of  their  more  recent  work'  especial  study  was  made 
:  the  tar  produced  by  vacuum  distillation  at  430^  C.  (806° 
.).  Half  of  this  tar  consisted  of  oils  boiling  below  300°  C. 
572''    F.),  the   remainder  being  a  pitch  entirely  soluble  in 
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?ig.  4. — Percentages  of  volatile  matter,  comparing  total  and  combustible, 
at  different  temperatures,  Pittsburgh  and  Wyoming  coals  ( Bulletin 
I,  Bureau  of  Mines). 

chloroform  and  containing  no  free  carbon.  The  oils  con- 
tained no  benzene,  or  any  of  its  homologues,  and  no  anthra- 
cene or  other  solid  aromatic  hydrocarbons.     Phenols,  however, 

*Jour.  Chem.  Soc.  (T),  97,  1910,  192 1  ;   99,    1911,   649;   103,   1913, 
1704,  1715;  105,  1914,  131,  140. 

^  Jones  and  Wheeler,  Jour.  Chem.  Soc.,  105,  1914,  140. 
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(in  disagreement  with  the  results  of  Pictet  and  Bouvier),  were 
present  to  the  extent  of  12-15  P^''  c^^^^-  ^^  ^^^  oil,  and  homo- 
logues  of  naphthalene  constituted  about  7  per  cent.  The  major 
portion  of  the  oil  (about  80  per  cent.)  consisted  of  a  mixture 
of  ethylenic  hydrocarbons  and  the  ring-formed  naphthenes 
(CHj^)  intermediate  in  character  between  the  paraffin  and 
aromatic  compounds. 

Whether  any  of  the  compounds  found  in  the  liquid  distil- 
lates from  coal  at  low  temperatures  exist  as  such  in  the  coal 
is  still  a  matter  of  conjecture,  but  it  is  rendered  extremely 
doubtful  by  the  fact  that  extraction  of  coal  with  solvents  has 
not  effected  the  separation  of  any  of  these  substances  in  more 
than  mere  traces.  The  predominance  of  paraffin  compounds 
in  both  the  liquid  and  gaseous  products  of  moderate  heating  is 
beyond  question,  the  aromatic  compounds  or  those  whose 
formulas  are  built  upon  the  benzene  ring  as  a  nucleus  are 
present  either  not  at  all  or  in  very  small  percentages.  If  we 
disregard  the  aqueous  distillates,  the  early  products  of  the 
decomposition  of  coal  are  made  up  chiefly  of  paraffin  hydro- 
carbons. 

It  is  of  interest  to  consider  in  some  detail,  what  has  been 
learned  as  to  the  production  of  water  and  other  oxygen  com- 
pounds during  the  early  stages  of  the  decomposition  of  coal 
by  heat.  Wheeler  finds®  by  gradually  raising  the  temperature 
of  dry  coal  in  vacuo  that  "at  200*"  C.  there  is  a  copious  evol- 
ution of  water;"  also  that  "the  gases  evolved  during  the  per- 
iod of  most  rapid  formation  of  water  contain  a  high  percen- 
tage of  the  oxides  of  carbon." 

Rau  and  Lambris^  have  recently  conducted  a  thorough  in- 
vestigation of  the  formation  of  water  in  the  destructive  dis- 
tillation of  fuels.  They  found  that  the  mode  of  decomposition 
is  dependent  upon  the  rapidity  of  heating,  and  that  the  water 
of  decomposition  is  greater  by  50-100  per  cent,  with  slow 
heating  than  with  rapid  heating.  With  a  high-grade  gas 
coal,  the  water  of  decomposition  varied  from  4.8  per  cent,  to 

*  Jour.  Chem.  Soc.,  105,  132. 

"Jour,  fiir  Gasbeleuchtung,  56,  1913,  533,  557,  589. 
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-3  per  cent,  according  to  whether  the  coal  was  heated  to 
,000°  C.  in  a  few  minutes  or  in  36  hours.  Fuels  of  greater 
laturity  (less  oxygen  content)  produce  less  water  and  pro- 
uce  it  at  a  higher  temperature  than  the  younger  less  altered 
lels.  With  cellulose  the  principal  water  formation  occurs 
itween  240°  and  350°  C.  (464°  and  662°  F.),  with  bitumin- 
is  coal  between  400°  and  650®  C.  (752'' -1,202"*  F.). 

The  experimental  results  given  in  Bulletin  i  of  the  Bureau 
f  Mines  (see  pages  5-6  and  Table  I  page  7)  show  the  large 
iriation  among  American  coals  in  the  amount  of  water 
elded  by  decomposition,  and  in  general  they  conform  to 
e  results  of  Rau  and  Lambris  quoted  above.  The  results  of 
icuum  distillation  obtained  in  recent  work  of  the  Bureau 
id  presented  later  in  this  paper  (page  263)  have  shown  a 
eld  of  water  of  decomposition  at  450®  C.  (842''  F.)  of  4.3 
tr  cent,  from  Pittsburgh  gas  coal,  8.3  per  cent,  from  an  II- 
lois  bituminous,  and  12.6  per  cent,  from  a  Wyoming  sub- 
tuminous  type.  These  yields  of  water  constituted  respec- 
/^ely  20  per  cent.,  38.8  per  cent.,  and  42.9  per  cent,  of  the 
tal  volatile  matter  at  that  temperature. 
It  is  evident  that  water  constitutes  a  large  percentage  of  the 
imary  decomposition  products  of  coal  and  that  its  forma- 
)n  takes  place  principally  below  500®  C.  (932**  F.).  From 
e  more  mature  coals  such  as  the  Pittsburgh,  water  and  the 
cides  of  carbon  are  formed  in  less  amount  than  are  tar  and 
irdrocarbons,  while  in  case  of  the  Wyoming  coal  the  re- 
jrse  is  true.  We  are  led  to  conclude  therefrom  that  the 
ater-yielding  constituents  of  coal  are  principally  the  less- 
tered  cellulosic  derivatives  occurring  more  abundantly  in 
e  younger  coals,  and  that  these  substances  decompose  easily 
r  heat;  that,  in  fact,  since  water  and  COj  appear  as  large 
ircentages  of  the  first  decomposition  products  collected,  the 
Jlulosic  derivatives  are  among  the  most  easily  decomposed 
[  all  the  constituents  of  coal. 

Researches  upon  the  production  of  gas  in  the  decomposition 
E  coal  have  been  more  numerous  than  those  upon  the  tars 
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and  the  water  of  decomposition.  Among  these  we  may  note 
in  some  detail,  as  bearing  particularly  upon  the  primary  de- 
composition processes,  the  work  of  Wheeler,  above  referred  to. 

He  found  that  when  coal  was  heated  at  temperatures  below 
700"^  C.  (1,292°  F.)  the  gas  formed  was  made  up  of  50-75 
per  cent,  of  paraffin  hydrocarbons;  above  750°  (1,382°  F.) 
the  quantity  of  these  hydrocarbons  produced  was  very  small 
and  the  quantity  of  hydrogen  very  large.  "Presumably, 
then,"  he  concludes,  "coal  contains  two  types  of  compounds, 
of  different  degrees  of  ease  of  decomposition;  the  one  the 
more  unstable  yielding  the  paraffin  hydrocarbons  and  no 
hydrogen ;  the  other  decomposed  with  greater  difficulty  yield- 
ing hydrogen  alone  (or  possibly  hydrogen  and  the  oxides  of 
carbon)  as  its  gaseous  decomposition  product."^  In  another 
place,^  he  says:  "The  results  .  .  .  show  clearly  the  ex- 
istence of  .  .  .  *  hydrogen-yielding'  and  'paraffin-yielding' 
substances  as  separate  constituents  of  coal;  ...  the 
former  are  the  degradation  products  of  the  celluloses  and  the 
latter  the  resinous  substances  originally  present  in  the  coal 
plants." 

These  conclusions  as  to  the  mode  of  decomposition  of  coal 
substance  seem  to  us  to  be  not  entirely  justified  by  the 
experimental  results.  Much  more  plausible,  we  believe,  is 
the  tentative  conclusion  drawn  by  the  same  authors  in  an 
earlier  paper^®  that  "it  seems  probable  that  this  same  com- 
pound" (i.  e.,  the  one  yielding  principally  hydrogen  above  700° 
C.)  "is  responsible  for  the  hydrocarbons  of  the  paraffin  series 
that  make  their  appearance  at  low  temperatures."  In  other 
words,  coal  does  not  seem  to  contain  a  substance  which  remains 
unaltered  or  nearly  so  below  750°  C.  (1,382°  F.)  and  rapidly 
produces  hydrogen  above  that  temperature.  It  seems  rather  to 
contain  a  substance, — in  fact,  gas  coal  is  probably  largely  made 
up  of  substances  which  yield  the  complex  paraffin  hydrocarbons 
at  low  temperatures  and  a  large  amount  of  hydrogen  at  high 

*  Jour.  Cheui.  Soc.,  99,  1911,  p.  651. 

•  Jour.  Chetn.  Soc,  103,  1913.  p.  1705. 

'•^  Jour.  Chem.  Soc,  97,  1910,  p.  1918-1919. 
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temperatures  from  the  decomposition  residue.  There  is  no 
well-marked  "critical  point"  in  the  decomposition  of  coal. 
There  is,  however,  a  well-marked  critical  point  between  1,300° 
and  1450°  F.  in  the  secondary  decomposition  of  the  volatile 
matter, — tar  and  gases. 

In  support  of  this  view  we  may  cite  Wheeler's  own  results. 
The  curve  for  total  volatile  rises  with  remarkable  regularity 
from  600°  to  900*"  C.  (1,100''  to  1,650°  F.).  There  is  no  sudden 
rise  between  700''  and  800''  C.  On  the  other  hand,  tar  reaches 
its  maximum  at  750°  C.  (1,380°  F.)  and  then  declines  rapidly. 
The  sudden  rapid  production  of  hydrogen  at  750°  C.  may  well 
be  caused,  therefore,  by  decomposition  of  tar,  which  adds  a 
large  volume  of  hydrogen  to  that  produced  from  the  altered 
solid  residue. 

The  volatile  obtained  at  700°  C.  (1,290°  F.)  was  32.3  per 
cent,  as  compared  to  a  maximum  of  38.8  per  cent,  at  1,100°  C. 
(2,010°  F.),  a  fact  indicating  that  there  is  relatively  only  a 
small  portion  of  coal,  if  any,  which  remains  undecomposed  at 
700°  C.  (1,290°  F.).  It  is  unlikely  from  the  point  of  view  of 
the  origin  of  coal,  that  so  large  a  proportion  of  coal  substance 
as  that  decomposing  below  700°  C,  is  made  up  essentially  of 
resinous  derivatives. 

Furthermore,  Wheeler's  researches'^  on  the  treatment  of 
coal  with  pyridene,  extracting  thus  certain  soluble  portions 
and  subjecting  the  residues  to  destructive  distillation,  show 
that  there  was  not  in  this  manner  brought  about  a  segre- 
gation or  concentration  in  the  residue  of  a  constituent  which 
would  yield  hydrogen  rapidly  at  750°  C.  We  may  show  here 
his  results  of  these  experiments  (see  Table  XI  and  Fig.  5). 

TABLE  XI.— Hydrogen  by  Dbstructivb  Distii^lation. 
(Whebler.)      (Cc.  per  gram.) 

600°   700°     800°    900°    1,000° 

Ori^oal  coal 264    40.6*    105.9    149.3     172.0 

Pyndinc  residue 20.7    49.  i        82.9    141. 5     187.2 

Chloroform-pyridine  extract  . .   14.6    26.9        53.2      70.2      87.5 

*  In  another  report  of  these  same  experiments  (Record  of  the  ist 
Series,  British  Coal  Dust  Experiments,  Mining  Association  of  Great 
Britain,  1910,  Table  II,  p.  124),  this  value  appears  to  be  53.5  cc. 

"  Jour.  Chem.  Soc,  103,  1913,  p.  1704. 
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There  appears  to  be  no  more  marked  rise  in  the  production 
of  hydrogen  at  700° -800°  C.  from  the  extraction  residue  than 
from  the  original  coal. 

The  experiments  just  cited  show  incidentally  (by  analyses 
not  here  quoted)  that  the  residue  from  pyridene  extraction 
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TEMPERATURE  -  DEG.  CENT. 
Hydrogen  obtained  at  different  temperatures  from  coal   and 


from  the  fractions  separated  by  pyridine  extraction  (Wheeler) . 

yields  on  destructive  distillation  more  CO...  and  CO  than  the 
original  coal  and  that  it  decomposes  as  easily  at  low  temper- 
atures as  the  original  coal. 
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A^heeler's  apparatus  for  heating  coal  at  different  tempera- 
es  furthered  the  secondary  decomposition  of  tars  and  gases, 
e  coal  was  held  in  a  platinum  boat  resting  in  a  heated  cylin- 
cal  platinum  retort.  The  products  passed  through  a  heated 
scrubber  in  the  end  of  the  retort  itself,  decomposition 
loubtedly  occurring  here  as  well  as  on  the  retort  walls 
>ve  the  boat.    The  tests  were  run  at  normal  pressure. 

Phe  production  of  hydrogen  in  coal  distillation  in  relatively 
g;e  quantities  above  750°  C.  (1,382*^  F.)  is  to  be  ascribed 
tly  to  the  secondary  decomposition  of  tar  vapors  (heavy 
Irocarbons)  and  partly  to  the  decomposition  of  solid  resi- 
is  from  the  earlier  breaking  down  of  the  original  substance, 
at  a  "hydrogen-yielding"  substance,  decomposable  only 
>ve  750°  C,  exists  in  the  original  coal,  seems  to  be  an 
easonable  conclusion  from  the  facts  at  hand. 

Tie  fundamental  problems  of  coal  distillation  cannot  be 
^ed  by  a  method  which  leaves  out  of  consideration  the  sec- 
ary  decomposition  of  the  early  volatile  products.  Many  in- 
tigations  have  been  made  in  recent  years  in  which  coal  was 
ted  at  normal  pressure  in  an  iron  tube  or  other  form  of  re- 
,  necessitating  the  passage  of  the  products  through  a  rela- 
ly  large  heated  section.  The  gases  obtained  thus  do  not 
resent  what  is  formed  by  decomposition  of  coal  at  any  given 
iperature,  but  what  results  from  secondary  reactions  of  the 
itile  products  under  the  particular  conditions  in  the  appa- 
is  used.  We  need  not  therefore  quote  further  from  such 
estigations  since  nothing  has  been  added  by  them  to  the 
jlts  of  Wheeler  described  above. 

Experiments  on  Decomposition  op  Coal  under 

Reduced  Pressure  at  Moderate 

Temperatures. 

laving  stated  the  problem  in  hand,  and  called  attention  to 
work  of  other  investigators,   we  may  pass  now  to  an 
ount   of   our   own   experiments   relating  to   the   primary 
omposition  processes. 
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Apparatus  and  Methods. 
Four  kinds  of  coal  (described  in  Table  XIII,  p.  25)  were 
heated  at  250^,  350*^  and  450°  C.  (482°,  662''  and  842°  F.) 
in  a  glass  bulb,  completely  filled  with  the  coal,  and  whose  walls 
were  at  no  point  heated  above  the  temperature  of  the  coal; 
maintaining  in  the  bulb  and  apparatus  attached  a  vacuum  vary- 


To  vacuum  pump 


Fig.  6. — Apparatus  for  the  heating  of  coal  at  moderate  temperatures 

in  vacuo. 

ing  from  0.5  mm.  to  10  mm.  of  mercury.  The  coal  was  in  the 
air-dried  condition,  sized  between  40  and  loo-mesh.  At  the 
two  lower  temperatures  15-gram  samples  were  used  while  at 
450°  C.  (842°  F.),  on  account  of  the  greater  amoimt  of  gas 
produced,  5  grams  only  were  taken. 

The  apparatus  used  in  most  of  the  tests  is  shown  in  Fig.  6. 
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le  gases  were  drawn  by  the  vacuum  pump  quickly  out  of  the 
tort,  through  the  pump  and  into  a  collecting  reservoir.  Con- 
nsible  oily  products  were  largely  retained  in  an  air-cooled 
i>e  just  in  advance  of  the  retort,  while  water  (together  with 
imonia,  phenols,  and  nitrogen  bases)  was  absorbed  in  a 
iighed  vessel  of  phosphorus  pentoxide  between  the  retort 
d  pump.  A  small  amount  of  light  oils  (paraffin  hydrocar- 
ns)  which  under  atmospheric  pressure  would  have  been 
:ained  in  the  tar,  no  doubt  passed  on  into  the  gas  under  the 
luence  of  the  reduced  pressure  in  the  apparatus.  In  most 
the  tests  (excepting  only  the  one  at  450°  on  Wyoming  sub- 
luninous  coal)  practically  no  oily  products  condensed  with 
t  water  in  the  phosphorus  pentoxide.  The  yields  of  water 
d  gas  were  directly  determined,  as  well  as  the  loss  in  weight 
the  coal  or  total  volatile  matter.  Owing  to  the  experimental 
ficulty  of  collecting  and  weighing  all  of  the  tar,  this  product 
Ls  determined  by  difference,  subtracting  from  the  total  vola- 
t  matter  the  sum  of  the  water  and  the  calculated  weight  of 
5. 

rhe  heating  bath  was  a  mixture  of  salts  (sodium  and  potas- 
im  nitrates)  melting  at  about  220^  C.  (428°  F.).  Boats 
itaining  phosphorus  pentoxide  were  used  to  collect  water, 
ing  withdrawn  at  b  (Fig.  6)  after  each  run,  and  weighed. 
)  rubber  connections  were  used  in  the  apparatus. 

The  procedure  in  beginning  a  test  was  as  follows:  The 
lb  containing  the  weighed  sample  of  coal  having  been  joined 
the  apparatus,  and  the  weighed  boats  of  phosphorus  pent- 
ide  having  been  inserted,  the  air  was  exhausted  until  a 
:uum  of  less  than  imm.  of  mercury  remained  constant.  As 
3wn  by  trial  of  this  constancy  of  pressure  over  several 
urs,  there  appeared  to  be  little  or  no  evolution  of  occluded 
5  in  vacuo  at  ordinary  temperature,  probably  because  of  the 
rt  that  the  coals  had  been  several  years  out  of  the  mine  and 
t  rate  of  liberation  of  gas  had  become  very  slow.  The 
ctric  heater  containing  the  molten-nitrate  bath  was  then 
ised  so  as  to  begin  the  heating  of  the  coal,  the  bath  being, 
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however,  only  about  half  full  at  the  beginning  so  that  the  sur- 
face of  the  molten  nitrates  just  touched  the  bulb.  In  this 
manner  the  heating  was  begun  gradually,  about  J^  hour  usually 
being  required  to  bring  the  bath  to  the  temperature  of  the 
experiment  and  completely  to  immerse  the  bulb.  By  oj)erating 
the  pump  rapidly,  when  required,  the  gases  were  removed  at 
such  a  rate  that  the  pressure  was  kept  below  lo  mm.  of  mer- 
cury, except  in  case  of  the  sub-bituminous  coal  with  which  the 
pressure  rose  for  a  few  seconds  to  15-20  mm.  Also  in  cer- 
tain long-continued  tests  the  pressure  occasionally  rose  during 
the  night  to  25  mm.  of  mercury.  In  these  tests,  however,  a 
large  evacuated  chamber  80  to  100  times  the  capacity  of  the 
distilling  bulb  was  interposed  between  the  bulb  and  the  pump 
(see  Fig.  7)  and  served  to  reduce  greatly  the  amount  of  vola- 
tile products  remaining  in  the  heated  bulb  during  the  interval 
between  exhaustions. 

Methods  of  Gas  Analysis, 

The  methods  of  gas  analysis  used  were  an  adaptation  of  the 
best  features  of  several  well-known  methods  to  the  peculiar 
requirements  of  the  gases  of  low-temperature  distillation. 

Certain  peculiar  difficulties  rendered  the  ordinary  methods 
unavailable.  The  apparatus  used  has  been  described  in  a  re- 
cent publication.^^ 

The  method  of  analysis  is  not  new,  but  it  involves  a  method 
of  manipulation  not  commonly  used  and  which  may  well  be 
outlined  here  on  account  of  the  importance  of  correct  gas 
analysis  in  an  investigation  of  this  character.  In  using  the 
liquid  absorbing  reagents,  the  gas  was  treated  with  a  small 
quantity  of  the  reagent,  fresh  each  time.  All  analyses  were 
carried  out  over  mercury.  From  the  measuring  burette  (sec 
Fig.  8)  the  sample  was  passed  into  one  of  the  pipettes  DE 
(filled  with  mercury)  into  which  the  liquid  reagent  had  been 
previously  introduced  from  below  by  means  of  a  bent-tube 
pipette.  By  passing  the  gas  back  and  forth  several  times  from 
burette  to  pipette  the  absorption  was  facilitated.  After  the 
"  Journ.  Ind.  and  Eng.  Cheni.,  Oct.,  1914,  p.  845. 
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orption  the  reagent  was  discarded  through  the  cock  k  into 
raste  cup  G,  to  which  suction  was  attached.  The  reagents 
;d  were,  in  order,  the  following : 

For  NH„  dilute  HaSO^  (lo  per  cent). 

For  HgS,  acid  CUSO4  solution. 

For  CO2,  33  per  cent.  KOH  solution. 

For   unsaturated   hydrocarbons   and   benzene,    fuming 
H,SO,. 

For  oxygen,  alkaline  pyrogallol. 
rhe  error  in  determination  of  unsaturated  hydrocarbons  due 
absorption  of  higher  paraffins  by  the  fuming  sulphuric  acid 
in  this  method  much  reduced  by  the  use  of  only  a  few  cubic 
[itimeters  of  the  reagent.  Slightly  soluble  gases  are  thus 
sorbed  only  in  slight  amounts. 


>  vacuum  puivip 


Stirring  •ppardtiu 


BoftUoTPiOi 


Fig.  7. — Apparatus  for  long-continued  heating  of  coal  in  vacuo. 

Having  absorbed  NH3,  H2S,  CO2,  unsaturated  hydrocarbons 
id  oxygen  by  liquid  reagents,  hydrogen  and  CO  were  next 
Jtermined  by  Jaeger's  method  of  fractional  combustion  with 
pper  oxide.  A  U  tube  of  about  5  mm.  bore  containing 
pper  oxide  was  attached  to  the  apparatus  in  inverted  position 
shown  at  C.  A  special  electric  heater,  H,  of  such  shape  and 
:e  as  to  fit  closely  over  the  U  tube,  was  lowered  over  the  tube 
d  the  latter  heated  to  the  desired  temperature.    The  air  in 
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the  tube  having  been  swept  out  by  the  gas  sample,  the  oxygen 
was  absorbed  by  pyrogallol,  and  the  gas  voliune  then  measured 
with  the  tube  at  room  temperature.  The  gas  was  then  passed 
back  and  forth  through  the  heated  copper  oxide,  burning  thus 
the  CO  and  Hg.  When  no  further  contraction  of  volume 
occurred,  the  U  tube  was  brought  to  room  temperature,  and 
the  contraction  and  CO2  measured.  The  COg  found  is  equal 
to  the  CO  in  the  sample  and  the  contraction  equals  the  hydro- 


Fig.  8.— Apparatus  for  analysis  of  complex  gas  mixtures. 

gen.  The  accuracy  of  this  method  of  separating  CO  and 
hydrogen  from  CH^  and  other  paraffins  depends  on  the  tem- 
perature of  the  copper  oxide.  If  this  is  properly  controlled, 
hydrogen  and  CO  can  be  completely  burned  while  CH4  and  its 
higher  homologues  (at  least  those  not  higher  than  butane) 
remain  unattacked.  In  our  work  the  temperature  inside  the 
heater,  next  to  the  U  tube,  was  kept  at  275®  C.  It  was  found 
by  tests  upon  natiiral  gas  and  pure  hydrogen  mixtures  (no  CO 
present)  that  at  this  temperature  complete  burning  of  the  hy- 


^ 


Digitized  by  VjOOQIC 


257 


took  place  and  the  hydrocarbons  of  natural  gas  were 
asurably  attacked.  Since  CO  is  known  to  burn,  by  this 
I,  more  easily  than  hydrogen,  the  assumption  was  made 

also  had  burned  completely  at  this  temperature.  A 
experiment  should  always  be  run  on  known  mixtures  to 
t  effect  of  the  temperature  and  other  conditions  as  used. 
saturated  paraffin  hydrocarbons  (CH^,  CgHe,  CgHg,  etc.) 
hen  burned  completely  with  oxygen  by  passing  the  resi- 
er  a  glowing  platinum  coil,  in  the  combustion  pipette  at 
le  oxygen  was  passed  first  into  the  combustion  pipette 
le  platinum  coil  brought  to  a  bright-red  heat.  The 
stible  residue  was  then  passed  very  slowly  into  the  oxy- 
id  burned.  By  having  in  this  manner  a  large  excess  of 
1  always  present  no  deposition  of  carbon  occurred  from 
jher  hydrocarbons.  After  cooling  to  room  temperature 
iitraction  and  CO.  were  measured,  and  thence  were  cal- 
d  the  total  voMime  of  C«  H2«+2  hydrocarbons  and  the 
of  n  in  the  formula  representing  the  mixture.  This 
1  of  calculation  was  developed  by  E.  H.  Eamshaw**  and 
ollows : 

Liming  no  combustible  gases  other  than  those  of  the  for- 
2„  Ha,,  ^2  the  general  equation  for  the  combustion  is 

C„H.„,.+  (^f-^)o,  =  nCO,  -f  (n    i    i)H,0. 

volume  of  C„  Ha,,  f 2  be  called  V,  the  CO,  produced  A, 
le  contraction  C,  then  : 

A-«V,  (i) 


C-  (V  + 


3«  ^   I 


V)  —  nX 


-^v(-"±l). 


(2) 


m  (i), 


V 


orabining  (i)  and  (2),  V 

our.  Frank.  Inst.,  Sept.,  1898. 
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By  this  means,  regardless  of  the  number  of  different  hydro- 
carbons of  this  general  formula  which  are  present  or  of  the 
relative  proportions  in  which  they  are  present,  we  determine 
definitely  their  total  volume,  and  the  average  number  of 
carbon  atoms  in  the  molecule  (ft).  We  cannot,  however, 
determine  thus  the  volume  of  any  one  hydrocarbon,  methane 
for  example,  in  the  mixture,  since  the  method  of  calculation 
is  inadequate  for  this  purpose  if  more  than  two  hydrocarbons 
be  present.  If  it  be  desired  to  assume  only  CH^  and  CaH, 
present  we  can  calculate  the  quantities  of  each  present,  since  in 
this  case  the  value  of  n  increases  in  proportion  to  the  per- 
centage of  CaHe  in  the  mixture.  Thus  in  pure  CH^,  n  =  i, 
in  pure  CgHg  n  =  2,  in  a  half-and-half  mixture  n  =  1.50,  etc., 
etc.  In  interpreting  some  of  the  results  of  low  temperature 
distillation  we  have  used  this  assumption  in  order  to  show  the 
relative  proportions  of  methane  and  of  higher  hydrocarbons  in 
the  gas.  When  estimated  thus,  however,  CH^  appears  in 
lower  than  its  true  proportion,  since  the  higher  hydrocarbons 
when  estimated  entirely  as  C^He  are  greater  in  amount  than 
when  estimated  as  a  mixture  of  CaHe*  C^Hg,  C4H8,  etc. 
Description  of  Coals  Used, 

Four  kinds  of  coal  were  used  in  these  experiments  on  heat- 

TABLE  XIII.— ANALYSES  AND   DESCRIPTION   OF  COALS. 

Number  (see  description  below):         674  650  48               43 

Air-dried  (as  used): 

Moisture 0.60  0.93  2.07          5.98 

Volatile  matter 21.60  33.02  35.21  41.47 

Fixed  carbon 74.57  56.98  53-55  46.09 

Ash 3.23  9.07  9.17          6.46 

Sulphur 0.68  r.8i  1.17          1.02 

Carbon 85.92  76.73  71.80  65.63 

Hydrogen 4.76  5.00  4.79  5.27 

Oxygen 3.96  5.86  11.52  20.13 

Nitrogen 1.45  1.53  1.55          1.49 

Calorific  value 8,412  7,601  6,980  6,410 

Calculated  to  dry,  ash-free  material: 

Volatile  matter 22.42  36.69  39.70  47.35 

Carbon 89.30  85.25  80.91  74.94 

Hydrogen 4.88  5.45  5.14  5.26 

Oxygen 3.60  5.59  10.89  16.93 
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low  temperatures.  They  were  representative  of  dis- 
'^p^es  or  classes  of  coal,  only  one,  however,  (No.  650) 
^f  the  class  of  coals  used  for  gas-making. 

Description, 
674.    Sun  mine,  Sewell  bed,  Fayette  County,  West  Vir- 
New  River  district),  mine  sample,  4  years  since  min- 

650.  Keystone  Shaft  mine,  Madison,  Westmoreland 
,  Pa.  (Pittsburgh  bed),  car  sample,  i  year  since  min- 

48.  Dering  No.  11  mine.  West  Frankfort,  Franklin 
,  Illinois,  mine  sample,  5  years  since  mining. 

:^E  XIV.  — Products  of  Heating  Coal  at  250°  C.  (482°  F.) 

650  674  48  43 

(Pitta-        (New        (Ulin-         (Wy- 
burgh)      River)         ois)        oming) 

lent  No 60  61  62  65 

of  coal  (air-dry) 15.0  15.0  15.0  15.0 

1  of  test  (hours) 7.0  6.5  6.75  7.0 

»latile  matter  ( without  moist- 
re) 0.73  0.66  2.61  4.69 

•cent.) 0.13  0.04  0.32  — * 

f  decomposition  (percent.)..  0.50  0.50  1.95  3.65 

rcent.) o.io  0.12  0.35  1.04 

per  100  grams)  (for  cubic  feet 

iT  ton  divide  by  3.  i ) 57.0  i  lo.o  267.0  659.0 

monia  and  HjS —  6.0  21.0  23.0 

340  42.0  156.0  478.0 

6.0  12.0  35.0  81.0 

aturated  hydrocarbons,  etc ..  •  i.o.  i.o  2.0  6.0 

iratedhydrocarbons{C»fH2w  ;  2)  3.0  5.0  6.0  21.0 

Irogen 0.0'  —  —  — 

ae  of  f/ in  CwHait  1 2  —  —  1.53  1.25 

rcentage  composition)  : 

tnoniaandHjS —  5.5  7.9  3.5 

60.0  38.1  58.9  72.4 

10.5  II. o  12.8  12.4 

saturated  hydrocarbons 1.9  0.9  0.8  0.9 

irated  hydrocarbons 5.3  4.5  2.2  3.2 

irogen 0.0  —  —  — 

slight  amount  of  colorless  oil  was  observed  in  the  tube,  although 
ilation  there  is  indicated  to  be  no  tar. 
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TABLE  XVIII.— Products  op  H«ating  Coal  at  450**  C.  (842®  F.) 

650  674  48  43 

(Pitts-  (New  (IlHn-  (Wyotn- 

burgh)  River)  ois)  ingf) 

Experiment  No. 73  71  75  76 

Duration  (hours) 8.5  9.0  9.5  lo.o 

Weight  of  ccal  (air-dry) 5.0  50  5'^  5-o 

Total  volatile  (without  mois- 
ture)         21.07  12.18  20.82  29.47 

Tar.  percent 12.76  6.08  7.73  8.17 

Water  of  decomposition,  (per 

cent) 4-30  2.30  8.29  12.64 

Gas  (per  cent,  by  weight)  .. .          4.01  3.80  4.80  8.66 

Gas  (cc.  per  100  grams  coal).    4.6940  5.498o  5.621.0  8,194.0 

Gas  in  first  3  hours  of  run  . . .    4.3850*  4.4100  4>37o.o  7,426.o»* 
Total  gas : 

Ammonia  and  H,S  (cc.)>       138.0  48.0  104.0  432.0 

CO, 174.0  223.0  533.0  2,128.0 

CO 187.0  130.0  483.0  1,426.0 

Unsaturated  hydrocar- 
bons...        352.0  334.0  320.0  394.0 

Saturated    hydrocarbons 

(Ci.H,«+5) 3.100.0  3,551.0  3.158.0  2,647.0 

Hydrogen 653.0  1. 168.0  935.0  1,129.0 

Value  of  Kin  CiiH,«v,...           1.37  1.21  1.30  1.31 
Percentage    composition    of 
gas: 

Ammonia  and  H,S 2.94  0.87  1.85  5.27 

CO,    3.71  4.05  9.48  25.95 

CO 4.00  2.36  8.59  17.40 

Unsaturated  hydrocar- 
bons            7.50  6.07  5.70  4.79 

Saturated  hydrocarbons.         66.00  64.56  56.18  32.28 

Hydrogen 13.98  21.24  16.64  13.76 

*  First  6  hours. 
♦*  First  5  hours. 

No.  43.  Dietz  No.  2  mine,  Sheridan  County,  Wyoming,  bed 

No.  2,  mine  sample,  5  years  since  mining. 

All  the  samples  had  been  kept  since  mining  in  closed  con- 
tainers, as  %-\n.  to  j4-in.  lumps. 

Summary  of  Results. 
The  results  obtained  in  experiments  at  250°,  350°  and  450"* 
C.  (482°,  662%  and  842^  F.)  are  presented  in  Tables  14-18. 
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and  graphically  in  Figs.  9-13.  Most  of  the  tests  were  run 
for  a  period  not  exceeding  13  hours,  i.  e.,  only  during 
the  time  of  the  principal  evolution  of  volatile  matter.  In 
addition,  however,  two  coals  were  run  for  long-continued 
periods    (230-240  hours)    at  350°    C.    (662°    F.)    in   order 
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250  350  <450 

TEMPERATURE-DEG.     CENT. 

-Percentage  yields  of  tar,  water,  gas,  and  total  volatile  by  heat- 
ing Pittsburgh  coal  in  vacuo  at  low  temperatures. 


to  determine  the  nature  and  rate  of  the  very  slow  de- 
compositions which  go  on  after  the  principal  decomposition  is 
over.  Another  long-continued  test  was  made  in  which  the 
Pittsburgh  coal  was  heated  for  240  hours  at  350**  C.  and  then 
for  191  hours  at  450°  C.    The  results  of  this  latter  experi- 
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ivere  obtained  too  late  to  be  included  in  detail  in  this 

irring  to  Fig.  9  which  shows  the  composition  of  the 
e  matter  at  these  low  temperatures:  We  may  note  the 
roportion  of  tar  in  the  volatile  from  the  Pittsburgh  coal 
le  high  proportion  of  water  in  that  from  the  Western 
The  Western  coals  decompose  more  easily  than  the 
"n,  and  at  the  lower  temperatures  they  yield  more  com- 
le  volatile  products;  at  450°  C.  (842°  F.),  however,  the 
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250  3  50  ASO 

TEMPERATURE    DEG.  CENT 

).— Percentage  yields,  tar,  water,  gas,  and  total  volatile  by  heat- 
New  River  (West  Virginia)  coal  in  vacuo  at  low  temperatures. 

urgh  type  produces  more  combustible  volatile  matter  than 
t  the  others,  its  total  volatile,  though  less  in  amount,  being 
largely  made  up  of  combustible  matter  than  that  of  the 
:m  coals. 

case  of  the  Pittsburgh  coal,  we  see  that  while  the  gas 
It  450 '^  C.  (842°  F.)  is  only  about  15  per  cent,  of  what 
ally  obtained  by  high-temperature  carbonization,  the  tar 
is  250  per  cent,  of  the  usual  high-temperature  yield,  and 
IS,  moreover,  is  largely  («.  e,j  about  80  per  cent.)  made 


Digitized  by 


Goo 


'8l 


266 


up  of  paraffin  hydrocarbons.  We  obtain  by  carbonization  at 
450°  C.  (842°  F.)  about  65  per  cent,  of  the  usual  high-tem- 
perature volatile  matter,  two-thirds  of  this  yield  consisting  of 
paraffin  hydrocarbons,  mostly  liquid  under   ordinary  condi- 
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Fig.  9c. — Percentage  yields,  tar,  water,  gas,  and  total  volatile  by  heat- 
ing Franklin  Co.  (Illinois)  coal  in  vacno  at  low  temperatures. 

tions.  The  primary  decomposition  products  appear  to  be 
principally  the  complex,  easily  liquefiable  paraffin  hydrocar- 
bons, with  smaller  amounts  of  water,  CO2  and  hydrogen. 

From  Fig.  10,  we  see  the  great  predominance  of  hydrocar- 
bons in  the  low-temperature  gases  from  an  Appalachian  gas 
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ilthough  it  is  also  to  be  noted  that  the  percentage  of 
much  highet  in  the  earliest  gases  than  in  those  formed 
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TEMPERATURE-DEG.  CENT. 

-Percentage  yields,  tar,  water,  gas,  and  total  volatile  by  heat- 
Wyoming  sub-bitaminous  coal  in  vacuo  at  low  temperatures. 

ewhat  higher  temperatures.    In  other  words,  the  small 
t  of  COj-producing  substance  which  is  present  decora- 
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TEMPERATURE  -  DEG.  CENT. 

Fig.  9e.— Yields  of  gas,  by  volume,  heating  different  coals  in  vacuo  at 
low  temperatures  (cc.  per  loo  g.  divided  by  3.1  equals  cu.  ft.per  ton.) 
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ery  easily.  Hydrogen  is  formed  in  appreciable  quan- 
t  350°  C.  (662°  F.)  but  very  slowly.  Unfortunately, 
■actory  comparison  of  the  different  coals  with  one  an- 
annot  be  made  from  the  data  at  350**  C.  since  the  tests 
ot  all  run  for  the  same  period  of  time. 
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II,  12  and  13  show  the  rate  of  evolution  of  different 
luring  long-continued  heating  of  the  coal  at  350®  C 
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(662**  F.).  The  decompositions  producing  hydrocarbons  and 
hydrogen  evidently  progress  very  slowly  at  this  temperature 
and  continue  for  a  long  time.  During  the  first  24  hours  of 
the  lo-days  period  of  heating  the  coal,  only  about  y^  of  the 
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Fig.  lob. — Quantities  of  various  gases  obtained  from  New   River   (W, 
Va).  coal  in  vacuo  at  low  temperatures. 

final  yield  of  hydrocarbons  and  yi  of  the  hydrogen  were  pro- 
duced. Fig.  13  (based  on  results  with  the  Wyoming  coal) 
shows  for  each  constituent  of  the  gas  the  rate  at  which  it  is 
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:ed  at  this  low  temperature,  t.  e,,  the  percentage  of  its 

production  obtained  during  each  successive  interval  of 

The  reactions  producing  COj,  CO,  and  HjS  are  evi- 

not  the  same  as  those  producing  hydrocarbons  and 
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.  IOC.  —  Quantities  of  various  gases  obtained  fron  Franklin  Co. 
(Illinois)  coal  in  vacuo  at  low  temperatures. 

jen,  and  they  evidently  proceed  with  greater  ease  at  this 

rature. 

may  stunmarize,  as  follows,  the  information  gained  as  to 
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the  primary  decomposition  reactions  taking  place  wiien  coal 
is  heated. 

I.  More  than  two-thirds  of  the  organic  substance  of  coal  is 
decomposable  below  500°  C.  (932°  F.)  ;  there  is  a  variation 
among  the  different  kinds  of  coal  in  their  ease  of  decomposi- 
tion, those  of  the  Appalachian  field,  because  of  their  greater 
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Fig.  lod. — Quantities  of  various  gases  obtained  from  Wyoming  sub- 
bituminous  coal  in  vacuo  at  low  temperatures. 

maturity  being  less  easily  and  rapidly  broken  down  than  the 
younger  coals  of  the  middle  western  and  western  fields. 

2.  The  first  decomposition  occurring  in  any  type  of  coal  as 
the  temperature  is  raised  is  the  breaking  down  of  certain 
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i-bearing  substances  related  to  cellulose,  whereby  chiefly 
of  decomposition,  COj  and  CO  are  produced, 
i'^ith  a  coal  of  the  Pittsburgh  type  this  decomposition 
somewhat  below  250 '^  C.  (482°  F.),  while  with  the 
n  coals,  notably  the  sub-bituminous  type,  it  begins  at  a 
wer  temperature. 

►ther  decomposition  processes,  producing  paraffin  hydro- 
s  both  liquid  and  gaseous,  begin  at  an  early  stage,  but 


zm       t4o 


—Quantities  of  various  gases  in  successive  intervals  of  time 
:  long-continued  heating  of  Pittsburgh  coal  at  350^  C.  (662°  F.). 

d  very  slowly  at  the  lower  temperatures.  In  coals  of 
tsburgh  type  this  decomposition  soon  becomes  the  pre- 
iting  one,  between  60  and  70  per  cent,  of  the  total  vola- 
)ducts  at  450°  C.  (842°  F.)  being  paraffin  hydrocarbons. 
>n  the  other  hand,  in  the  decomposition  of  a  coal  of  the 
ing  sub-bituminous  type,  the  "water-COj-yielding" 
n  remains  the  principal  one  up  to  at  least  450''  C. 
3 
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(842*  F.),  the  products  at  that  temperature  containing  60-70 
per  cent,  of  water,  CO2  and  CO. 

6.  The  gaseous  paraffin  hydrocarbons  produced  at  350''  C. 
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Fig.  12. — Quantities  of  various  gases  in  successive  intervals  of  time 
during  long-continued  heating  of  Wyoming  sub-bituminous  coal  at 
350°  C.  (662«  F.). 

(662°  F.)  from  Pittsburgh  coal  are  more  than  50  per  cent, 
constituted  of  members  higher  than  CH^;  at  450°  C.  (842**  F.) 
about  one-third  is  so  constituted. 

7.  Thermal  decomposition  of  the  primary  volatile  products 
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place  quickly  and  easily  at  temperatures  of  1,350°  F. 
Dve.  The  liquid  hydrocarbons  in  the  tars  undergo  such 
[>osition  more  easily  than  the  gaseous  products  and 
thus,  below  1,350°  F.,  methane,  hydrogen,  ethylenic 
arbons,  and  carbon. 

t  450°  C.  (842°  F.)  a  tar  yield  of  nearly  13  per  cent, 
stained  from  Pittsburgh  coal,  which  is  much  greater 
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—Rate  of  evolution  of  the  different  gases  during  long-continued 
ting  of  Wyoming  coal  at  350°  C.  (662  °  F.)  showing  for  each 
t  interval  the  percentage  of  the  total  production  of  each  gas. 

le  customary  tar  yield  from  this  type  of  coal  in  high- 
ature  carbonization.  The  paraffin  hydrocarbons  con- 
in  this  tar,  ordinarily  in  high-temperature  carbonization 
ver  heated  surfaces  and  break  up  into  CH4,  H^,  C2H4, 
e,  naphthalene,  etc.,  and  free  carbon. 
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9-  Water  of  decomposition  is  produced  in  the  destructive 
distillation  of  coal  principally  below  500**  C.  (932**  F.).  The 
water  vapor  in  passing  out  of  a  heated  retort  during  high- 
temperature  carbonization  may  enter  into  thermal  reactions 
with  CO2,  CO,  hydrocarbons,  or  free  carbon.  At  450*  C. 
(842°  F.)  water  amounts  to  }i  of  the  total  volatile  matter 
from  Pittsburgh  coal. 

10.  Hydrogen  is  produced  appreciably  in  the  decomposition 
of  coal  at  350°  C.  (662°  F.)  and  in  such  quantity  by  long 
heating  at  450°  C.  (842°  F.)  that  it  constitutes  14  to  21  per 
cent,  of  the  total  gas.  The  decomposition  which  gives  rise  to 
hydrogen  is,  however,  extremely  slow  at  these  temperatures. 

11.  Sulphurous  gases  (HgS,  CS2  or  organic  sulphur  com- 
pounds) are  produced  easily  in  the  decomposition  of  coal; 
they  begin  to  be  formed  below  250°  C.  (482°  F.)  and  as  the 
temperature  rises  their  production  approaches  its  maximum 
more  rapidly  than  does  that  of  the  hydrocarbons  and  hydrogen. 

12.  Coals  of  approximately  equal  volatile  matter  but  of 
different  oxygen  content  {e,  g,,  Nos.  650,  Pittsburgh,  and  48. 
Illinois)  yield  volatile  products  of  very  different  character. 
The  coal  of  higher  oxygen  gives  at  450°  C.  (842°  F.)  a 
greater  amount  of  water  of  decomposition  (about  in  propor- 
tion to  its  relative  content  of  oxygen),  a  less  amount  of  tar,  and 
a  somewhat  greater  volume  of  gas,  the  excess  of  gas,  however, 
consisting  largely  of  CO2  and  CO.  It  may  be  laid  down  as  a 
general  rule  that  the  higher  the  oxygen  in  the  coal  the  less 
will  be  the  proportion  of  hydrocarbons  and  tar  in  the  volatile 
matter. 

EXPERIMKNTS   ON    SECONDARY   THERMAL   DECOMPOSITION 

01?  THE  Volatile  Products. 

We  may  consider  now  briefly  the  methods  used  in  showing 
qualitatively  the  thermal  decomposition  of  the  entire  volatile 
matter,  as  compared  to  that  of  the  gas  alone. 

First,  the  effect  of  superheating  the  gas  alone  was  investi- 
gated. Gas  obtained  by  heating  Illinois  coal  (48)  at  450"*  C. 
(842°  F.)  was  superheated  by  passing  80-90  cc.  slowly  back 
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orth  through  a  quartz  tube,  lo  in.  long  and  0.16  in.  in 
eter,  heated  to  750°  C.  (1,382°  F.)  and  to  800°  C. 
2^  F.). 

ter  10  passes,  the  original  gas  was  altered  in  such  manner 
it  contained  relative  quantities  of  the  different  ingredients 
own  in  columns  (2)  and  (3)  of  the  table  below,  column 
being  the  original  gas  composition. 

U)  (2)  (3) 

(Original)  (750^.)  (Hoooc.) 

volume,    cc loo.o  108.6  1  i.V9 

Dtiia  and  H^S 1.80  i.io  0.75 

11.50  11.55  ".55 

8.35  8.60  9.55 

urated  hydrocarbons  -  - 6.60  1 1-55  1 5-4" 

atwl  hydrocarbons  (CmHjw    2) 58.05  61.60  57. 15 

ogen 11.85  "95  1765 

:of//inC«H2H    2 T.365  1. 215  1.08 

condly,  to  show  the  decomposition  of  the  volatile  prod- 
as  a  whole  (gas,  water  and  tar)  obtained  at  450°  C. 
°  F.),  the  coal  was  distilled  at  450°  C.  (842°  F.),  sub- 
ig  the  entire  volatile  matter  to  750°  C.  (1,382°  F.)  by 
is  of  a  secondary  heater  above  the  coal.  The  apparatus 
n  in  Fig.  14  was  used,  a  is  a  quartz  tube,  20  mm  (j4  in.) 
ameter  and  375  mm.  (15  in.)  long,  in  the  bottom  of  which 
placed  3  grams  of  the  Pittsburgh  coal  (650).  The  coal 
heated  2  hours  at  450'^  C.  by  means  of  the  molten-nitrate 
,  while  the  tube  above  the  coal  was  heated  at  750°  C. 
^2"  F.)  for  15  cm,  (6  in.)  by  a  cylindrical  electric  furnace, 
rder  to  determine  the  effect  of  vacuum  in  drawing  away 
products  from  the  heated  vessel  and  thus  reducing  sec- 
ry  decomposition,  the  tests  with  secondary  heating  were 
both  in  vacuo  and  at  atmospheric  pressure.  A  gas-col- 
ig  reservoir  with  levehng  bulb  was  attached  at  b.  The 
ratus  was  evacuated  before  beginning  to  heat  the  coal, 
the  vacuum  pump  then  closed  off.  When  the  pressure  of 
evolved  gases  had  risen  to  normal  (in  about  yi  hour)  it 
maintained  uniform  by  means  of  the  leveling  bulb.  Yields 
ir  and  water  were  not  determined,  the  tube  C  serving 
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merely  to  keep  condensible  products  out  of  the  pump.     The 
To  vacuum  pump 


Fig.  14. — Apparatus  for  distilling  coal  at  low  temperatures  and  super- 
heating the  volatile  products. 

gases  evolved  during  three  different  sets  of  conditions  were 
as  follows : 


r 
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TABI^E  XIX.—ExPBRiMBNTS  Showing  Secondary  Pkcomposition 
OF  V0LAT11.B  Products  at  750**  C.  ( 1,382"  F.) 

Yield  of  gas  (cc.  per  loo  grams  of  coal) 

In  yacuo            In  vacuo  At  normal 

Coal  650  (Pittsborph)  distilled  at  45dOC.     without  .-         with  pressure 

(84^  P.);  volatile  products  heated        secondary          secondar>^  with  secondary 

at75oPC.  (i.aSaop.)                      heating              heating  heating 

HjS  and  ammonia 160.0  220.0  155.0 

CO, 160.0  138.0  253.0 

CO 127.0  480.0  687.0 

Uusaturated  hydrocarbons,  etc 335.o  1,287.0  857.0 

Saturated  hydrocarbons(Ci»H2it  1-2;  2,287.0  3,450.0  5,253.0 

Hydrogen   207.0  1,063.0  2,007.0 

Total  (CC.  per  loo  grams)  ........  3,276.0  6,638.0  9,212.0 

Total  (cubic  feet  per  pound ) 0.528  1.07  1.486 

B.  t.  u.  in  gas  per  pound  of  coal  . .     605.0  1,156.0  1,320.0 

Valueof  If  in  CifH2M+2 1.510  1430  '045 

CH4  (assuming  only  CH^  and  C,H« 

present) ..1,120.0  1,967.0  5,017.0 

C,H«    (assuming  only    CH4    and 

CjH,  present) i,  167.0  i  ,483.0  237.0 

The  tube,  where  superheated,  was  heavily  coated  with 
deposited  carbon.  Even  in  the  experiment  without  secondary 
heating,  a  very  evident  blackening  or  partial  carbonization  of 
the  tar  was  noticed  where  it  had  run  down  the  walls  into  the 
heated  part  (at  not  above  450°  C).  The  ease  with  which 
some  of  the  primary  volatile  products  decompose  by  secondary " 
heating  is  thus  shown.  A  comparison  of  the  data  in  columns 
I  and  3  above,  shows  the  large  increase  in  production  of 
hydrogen  and  methane  by  secondary  heating,  as  well  as  in 
unsaturated  hydrocarbons  and  CO.  Comparison  of  columns  2 
and  3  shows  that  under  vacuum  there  occurs  by  secondary 
heating  not  as  great  an  increase  in  methane  and  hydrogen  as 
under  normal  pressure,  but  a  larger  increase  of  unsaturated 
hydrocarbons.  The  production  of  the  latter,  therefore, 
together  with  hydrogen  and  probably  carbon,  seems  to  be  one 
of  the  easiest  and  most  rapid  of  the  secondary  reactions  at 
this  temperature.  The  increase  in  CO  by  secondary  heating 
indicates  the  interaction  of  water  vapor  with  volatile  carbona- 
ceous products. 

The   above   experiments   on   secondary   decomposition   are 


Digitized  by  VjOOQIC 


28o 


preliminary  and  not  intended  for  the  deduction  of  quantitative 
laws  of  the  thermal  decomposition  of  gases.  A  recent  ther- 
modynamic and  quantitative  experimental  investigation  of 
these  laws  by  Whitaker  and  Rittman^*  is  of  interest  in  this 
connection. 

Importance  of  Further  Research  in  This  Field, 
Since  it  is  evident  that  the  yield  and  composition  of  gas 
from  coal  distillation,  as  well  as  the  yield  of  by-products 
therefrom  depends  very  largely  on  the  degree  of  superheating 
which  the  products,  both  tars  and  gases,  undergo  before  leav- 
ing the  retort,  we  see  the  importance  of  careful  experiments 
to  determine  the  eflfect  of  temperature,  pressure  and  duration 
of  time  on  the  secondary  reactions  of  the  tars  and  gases. 
These  studies  should  be  based  on  the  laws  of  physical  chem- 
istry, especially  those  of  equilibria  relations. 

Experiments  to  Show  that  Coal  is  Decomposed  at  2^0''  C, 
(482°  F.)  Under  Atmospheric  Pressure, 
The  bulb  A  (Fig.  15)  was  filled  with  15  grams  of  air-dry 
coal,  and  by  means  of  the  mercury  reservoir  with  leveling 
bulb,  and  the  3-way  cock  c,  the  air  was  exhausted  from  the 
*  apparatus  in  order  to  dry  the  coal  and  remove  occluded  gases. 
To  facilitate  this  a  was  heated  to  100®  C.  in  boiling  water 
under  a  vacuum  of  2  mm.  of  mercury,  placing  a  tube  of  PjOj 
in  connection  as  a  drying  agent.  After  drying  the  coal  in  this 
manner  J4  to  i  hour,  pure  nitrogen  at  atmospheric  pressure 
was  admitted,  and  the  coal  brought  to  250**  C.  (482®  F.).  As 
the  gas  pressure  increased  the  leveling  'bulb  was  lowered  so 
as  to  maintain  even  pressure.  After  heating  for  the  desired 
period,  a  was  allowed  to  cool,  the  bulb  b  was  cooled  in  ice  so 
as  to  reduce  the  vapor  pressure  of  water,  the  gas  was  pumped 
out,  measured  and  analyzed. 

(a)     Coal  650  (Pittsburgh),  15  grams,  heated  4  hours  at 
250**  C.    (482**  F.) ;  increase  in  gas  volume,  8.4  cc,  of  which 
3.9  cc.  (46  per  cent.)  was  COo,  arid  in  which  higher  parafSn 
"  Jour.  Ind.  Eng.  Cbem.,  6,  383,  May,  1914. 
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arbons  were  clearly  indicated  on  combustion.     Water 
imposition  was  noted  by  condensation  in  bulb  b  and 
meeting  tubes.    Compare  Table  14  for  test  in  vacuo. 
Coal   (Wyoming),  15  grams,  heated  >4  hour  at  250** 
2"*  F.)  ;  increase  in  gas  volume,  78  cc,  of  which  70  cc. 


>^:NV;:-j^=:^:>!:?>l_S:i' 


15. 


-Apparatus  used  in  heating  coal  at  low  temperatures  under 
normal  pressure  in  nitrogen. 


r  cent.)  was  CO2  and  in  which  combustible  gases  were 
t    sufficient   to    produce    7.7  cc.    of   CO2    on    burning. 
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Compare  Table  14,  page  259,  for  test  on  this  coal  in  vacuo, 
where  an  amount  of  gas  equivalent  to  99  cc.  from  15  grams 
was  produced  in  7  hours'  heating  at  250°  C.  Water  of  de- 
composition was  produced  in  considerable  quantity. 

General  Conclusions. 
The  Primary  Decomposition  Processes, 

A  high-grade  bituminous  coal  of  the  gas-making  type 
decomposes  by  heat  primarily  into  paraffin  hydrocarbons  and 
a  completely  altered  non- volatile  residue,  with  small  quantities 
of  water,  CO^  and  CO.  The  latter  products,  though  small, 
are  the  first  produced,  and  from  other  types  of  coal  they  are 
produced  in  greater  relative  quantities  than  from  the  gas-coal 
type.  Complex  and  varied  secondary  reactions  induced  by 
superheating  the  hydrocarbons,  water  vapor  and  CO,  are  of 
very  great  importance  in  industrial  high-temperature  carboni- 
zation. 

.The  products  of  low-temperature  carbonization  (at  800°- 
900°  F.)  of  a  coal  of  the  Pittsburgh  type  on  an  industrial  scale 
would  consist  of  a  rich  gas  amounting  to  about  0.6-0.7  cu.  ft. 
per  pound  of  coal,  and  of  a  large  yield  of  oils,  or  tar,  10-12  per 
cent,  of  the  coal,  made  up  principally  of  paraffin  hydrocar- 
bons, very  low  in  benzene  and  naphthalene  derivatives  and 
practically  devoid  of  free  carbon.  The  gas  would  contain  6-7 
per  cent,  of  unsaturated  hydrocarbons  and  2025  per  cent,  of 
ethane  and  its  higher  homologues,  having  therefore  a  high 
calorific  and  illuminating  value.  The  tar  could  be  either  re- 
distilled or  subjected  to  cracking  processes  so  as  to  produce 
light  oils — gasoline  substitutes — whose  yield  would  be  greater 
than,  and  probably  at  least  double,  that  obtained  by  high-tem- 
perature carbonization. 

The  possibility  is  suggested  that  low-temperature  carboni- 
zation might  be  utilized  in  gas  manufacture  as  an  enriching 
process  by  passing  through  the  low-temperature  retorts  a  large 
relative  quantity  of  a  thin  gas  such  as  blue  water  gas,  sweeping 
out  the  light  oil  vapors  which  are  primarily  liberated  at  these 
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aperatures.     The  utilization  of  inferior  coals  for  gas 
may  in  this  manner,  possibly,  be  facilitated. 

The  Constitution  of  Coal, 
i  on  the  experimental  results  of  low-temperature  de- 
ition  in  vacuo  above  recorded,  the  following  hypothesis 
>sed  for  the  constitution  of  coal. 

inds  of  coal  consist  of  cellulosic  degradation  products 
r  less  altered  by  the  processes  of  aging,  together  with 
ives  of  resinous  substances,  vegetable  waxes,  etc.,  in  dif- 
proportions,  also  more  or  less  altered.  These  substances 
ly  in  number  and  closely  graded  into  one  another  in  their 
and  composition.  They  all  undergo  decomposition  by  a 
Lte  degree  of  heat,  some,  however,  decomposing  more 

than  others  at  the  lower  temperatures.  The  less  altered 
;ic  derivatives  decompose  more  easily  than  the  more  al- 
erivatives  and  also  more  easily  than  the  resinous  deriva- 
[^he  cellulosic  derivatives  on  moderate  heating  decompose 
>  yield  water,  CO2,  CO  and  hydrocarbons,  giving  less  of 
t  three  products  the  more  mature  and  altered  they  are. 
^sinous  derivatives,  on  the  other  hand,  decompose  on 
lte  heating  so  as  to  yield  principally  the  paraffin  hydro- 
5,  with  probably  hydrogen  also  as  a  direct  decomposi- 
oduct. 

more  mature  bituminous  coals,  having  good  coking 
ties,  contain  a  large  percentage  of  resinous  derivatives, 
leir  cellulosic  constituents  have  been  highly  altered, 
^ounger  bituminous  and  sub-bituminous  coals  are 
uted  of  cellulosic  derivatives  much  less  altered  than 
n  the  older  coals.  They  undergo  a  large  amount  of 
X)sition  below  their  fusion  point  and  partly  for  that 
many  of  them  do  not  coke. 

Blauvelt  withdrawing,  Mr.  A.  B.  Way,  of  Everett, 
took  the  chair.) 

Acting  Chairman:  I  take  it  from  Dr.  Porter's  re- 
that  he  believes  there  are  two  kinds  of  inert  volatile  sub- 
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stances,  one  is  of  the  kind  he  gave  us^  and  the  other  is  like  what 
some  previous  investigators  have  given  us.  To  start  the  dis- 
cussion, I  will  ask  the  secretary  to  read  a  communication  we 
have  received  from  Prof.  A.  H.  White. 

Prof.  A.  H.  White  (Ann  Arbor,  Mich.)  :  (Written  discus- 
sion communicated.)  This  elaborate  investigation  confirms  the 
results  of  previous  experimenters  in  showing  that  the  products 
which  escape  from  the  gas  retort  in  usual  practice  are  not  those 
formed  by  primary  decomposition  of  the  coal,  but  are  second- 
ary products.  Distillation  of  coal  at  low  temperatures  will 
probably  never  be  an  industrial  process,  but  its  study  is  of  im- 
portance as  showing  the  primary  products  from  which  the  com- 
mercial products  are  derived.  The  direction  of  these  secondary 
reactions  is  fairly  well  known,  but  we  lack  quantitative  data, 
and  it  is  to  be  hoped  that  the  authors  will  continue  the  investi- 
gation they  have  outlined.  An  interesting  practical  application 
of  their  work  is  suggested  by  their  long-time  tests  which 
showed  that  gas  evolution  was  slowly  proceeding  at  a  prac- 
tically constant  rate  even  after  ten  days  heating  at  350**  C. 
Tests  reported  in  1908  (Destructive  Distillation  of  Coal  at 
Low  Temperatures,  by  A.  H.  White,  F.  E.  Park  and  W.  A. 
Dunkley.  Proc.  Michigan  Gas  Association,  1908)  from  the 
Michigan  Gas  Association  Fellowship  showed  that  the  coking 
constituent  of  coal  was  destroyed  by  heating  for  six  hours  to 
500°  C.  The  continuous  evolution  of  gas  now  reported  as  oc- 
curring at  much  lower  temperatures  suggests  that  the  harmful 
effects  usually  ascribed  to  storage  are  in  reality  due  to  mod- 
erate heating  of  the  coal  and  not  to  exposure  to  the  weather. 
The  very  slight  changes  which  have  been  observed  in  the  coals 
which  have  now  been  weathered  three  years  at  the  Gas  Experi- 
ment Station  of  the  Michigan  Gas  Association,  as  well  as 
numerous  laboratory  tests,  support  this  view. 

The  Acting  Chairman  :  Can  we  hear  some  expression  of 
opinion  concerning  this  paper,  or  can  we  have  some  questions 
asked  pertaining  to  it  ?  Although  Dr.  Porter  says  he  is  not  ad- 
vancing any  methods  and  does  not  claim  to  tell  us  the  commer- 
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actices  we  must  use,  still  I  think  we  can  find  a  number  of 
where  we  might  learn  from  this  work,  concerning  our 
practice,  which  we  do  not  know  and  which  we  should 
Is  there  anything  in  the  way  of  discussion? 

O.   B.  Eva5js   (Philadelphia):     I  think  the  Institute 

be  congratulated   in   having  such   an  able  paper  pre- 

to  it,  and  that  we  are  fortunate  in  being  able  to  listen  to 

I  clear  description  of  what  occurs  in  low  temperature 

iization. 

ile  the  subject  of  the  primary  decomposition  of  coal  may 
first  glance  appeal  to  the  gas  works  manager  as  one  af- 
r  his  operating  results,  nevertheless  a  little  study  will 
how  vitally  important  may  be  the  result  of  the  further 
g  of  these  products  of  early  distillation, 
en  ordinary  gas  coal  is  heated  to  800°  F.,  over  half  of 
latile  matter  by  weight  is  driven  off  while  the  yield  of 
only  10  per  cent,  of  the  total  ultimate  production.  The 
maining  in  the  coal  is  of  poor  quality,  and  our  commer- 
ields  of  5.25  cu.  ft.  per  pound  and  13  c.  p.  flat  flame 
e  in  the  main  to  the  further  decomposition  of  the  prod- 
f  distillation  obtained  at  low  temperatures. 
Philadelphia  we  have  started  some  experiments  along 
hat  the  lines  described  by  Dr.  Porter,  though  on  a 
rommercial  basis.  That  is,  instead  of  a  scientific  analysis 
gases,  etc.,  produced,  we  have  been  measuring  the  yield 
>,  tar  and  ammonia,  and  determined  the  calorific  and 
lating  value  of  the  gas  produced.  For  such  work,  it  has 
lecessary  to  use  large  samples  of  coal  (about  40  pounds), 
is  has  introduced  some  complicating  factors,  so  that  the 
1  so  far  obtained,  have  been  but  preliminary, 
indications  are,  however,  that  when  gas  coal  is  heated 
0°  F.  there  is  produced  about  one  cu.  ft.  of  15  c.  p.  gas 
lame)  per  pound,  and  about  30  gallons  of  tar  per  ton. 
perheating  this  mixture  of  gas  and  tar  to  about  1400 
he  candle-power  is  increased  to  about  30.  Further  heat- 
the  coal  above  i  .000  degrees  results  in  the  production  of 
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a  gas  of  very  low  candle-power  (less  than  five)  and  only  about 
two  gallons  of  tar  per  ton.  These  figures  seem  to  indicate 
very  clearly  the  value  of  the  products  of  low  temperature  dis- 
tillation, arid  that  their  proper  subsequent  heat  treatment  may 
be  very  important. 

The  table  given  by  Dr.  Porter  on  page  279  is  particularly 
interesting  in  this  connection.  I  would  call  your  attention, 
however,  to  the  fact  that  a  higher  quantity  of  unsaturated 
hydrocarbons  ("illuminants")  in  a  gas,  -does  not  necessarily 
mean  a  higher  candle-power  gas,  since  in  the  usual  method  of 
determining  these  constituents  by  absorption  by  bromine  or 
sulphuric  acid,  a  great  variety  of  hydrocarbons  of  widely  dif- 
ferent calorific  and  illuminating  values  are  absorbed. 

For  example,  in  water  gas  the  illuminants  produced  by  two 
different  oils  may  vary  from  1,750  to  2,200  B.  t.  u.  per  cu. 
ft.,  while  the  variation  in  candle-power  produced  may  be  as 
much  as  40  per  cent. 

S.  R.  Church  (New  York)  :  If  I  understand  Dr.  Porter 
correctly,  he  considers  the  primary  products  to  be  those 
produced  at  temperatures  not  exceeding  800  or  850°  F.,  and  I 
think  he  stated  that  he  had  not  analyzed  the  tar  produced  at 
these  temperatures.  In  commenting  on  the  secondary  decom- 
position products.  Dr.  Porter  placed  phenol  in  the  latter  group. 
He  referred,  however,  to  Wheeler's  finding  phenols  in  tars 
produced  at  low  temperatures. 

Dr.  Porter  also  referred  to  the  tar  produced  by  Parr  and 
Olin,  of  the  University  of  Illinois.  I  was  fortunate  enough 
to  secure  some  of  the  tar  from  Parr  and  Olin,  which  they 
stated  was  produced  at  800°  F.  from  Illinois  coal.  In  this  tar 
I  found  about  25  per  cent,  of  phenoloid  bodies  (by  extracting 
the  distillate  from  the  tar  with  caustic  soda  solution).  The 
distillate  from  these  tars  also  contained  a  fairly  high  percent- 
age of  paraffin  bodies  (which  remain  unsulphonated  after 
treatment  with  37  times  normal  sulphuric  acid). 

The  Acting  Chairman:  Dr.  Porter,  have  you  anything 
to  say  in  closing  the  discussion  ? 
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Dr.  Porter:  I  think  Prof.  White  is  perfectly  correct  in 
saying  that  the  alteration  of  coking  property  of  coal  by  slight 
heating,  is  probably  due  to  this  decomposition  other  than  to 
oxidation;  or,  we  might  say,  that  it  is  probably  due  to  both.  I 
do  think  that  oxidation  has  something  to  do  with  it  also,  but 
when  coal  heats  spontaneously  in  a  storage  pile,  even  to  a 
moderate  d^^ee,  as  it  often  does,  without  taking  fire,  the 
coking  property  is  undoubtedly  affected  very  seriously  by  the 
slight  decomposition  -due  to  heat. 

Mr.  Evans  referred  to  the  residue  from  this  low  temperature 
heating  as  having  no  tar  content  in  it.  Here  are  one  or  two 
samples  obtained  frwn  coal  heated  to  450°  C.  (840°  F.)  on  a 
somewhat  larger  scale  than  we  were  doing  in  the  experiments 
described.  We  recently  distilled  150  grams  at  that  tempera- 
ture and  here  is  a  mass  of  the  residue  from  Pittsburgh  coal. 
Now,  by  powdering  this  and  heating  it  to  a  high  temperature, 
you  will  get  no  coking,  no  adherence  of  particles,  only  two 
tenths  of  a  per  cent.,  a  moisture  of  tar  is  produced,  and  the 
gas  is  largely  hydrogen.  That  (exhibiting  sample  bottle  and 
contents)  you  see  is  a  very  porous,  friable  mass.  There  (in- 
dicating contents  of  another  bottle)  is  the  residue  from  a  non- 
coking,  western  coal,  its  physical  appearance  being  about  as  it 
was  when  we  placed  it  in  the  retort. 

I  think  possibly  there  might  be  developed  a  test  of  the  coking 
quality  of  coal,  based  on  heating  at  certain  definite  low  tem- 
peratures. You  can  tell  almost  definitely  by  the  way  a  coal 
behaves  on  low  temperature  heating,  whether  it  will  make 
good  coke. 

Here  (exhibiting  bottle  and  contents)  is  a  sample  of  low 
temperature  tar  from  Pittsburgh  coal.  It  is  thin  as  you  see, 
from  the  way  it  pours.  A  non-coking  Utah  coal  gave  a  tar  of 
axle  grease  consistency. 

Mr.  Church  has  referred  to  testing  a  tar  which  Prof.  Parr 
made.  I  am  anxious  to  know  the  percentage  of  phenols  which 
was  obtained. 

We  did  not  analyze  our  tars,  but  others  have  done  so  with 
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similar  tars.  Phenols  are  evidently  present  in  these  low  tem- 
perature tars  as  shown  by  Mr.  Church  and  by  Dr.  Wheeler 
(England),  and  also  as  indicated  by  the  odor. 

The  non-coking  tar  in  Utah  gives  a  tar  of  axle  grease  con- 
sistency. 

The  Acting  Chairman:  We  are  now  ready  for  the  last 
paper  on  our  program,  a  paper  by  Mr.  W.  F.  Rittman,  of 
Pittsburgh,  upon  the  subject  of  "Gas  Manufacture  from  the 
Point  of  View  of  Physical  Chemistry." 

GAS  MANUFACTURE  FROM  THE  POINT  OF  VIEW 
OF  PHYSICAL  CHEMISTRY. 

In  past  practice,  gas  manufacture  has  been  primarily  an  en- 
gineering problem,  with  the  chemist  a  more  or  less  necessary  ad- 
junct for  the  analysis  of  coal,  coke,  oxide,  etc.  The  research 
chemist,  who  deals  with  the  processes  of  manufacture  and  the 
phenomena  of  reactions  involved,  has  been  looked  upon  as  a 
burden  unwarranted  by  returns.  In  view  of  the  presen  avail- 
able raw  materials  for  gas  manufacture  on  the  one  side,  and  the 
demands  of  the  public  on  the  other,  the  advisability  of  con- 
tinuing the  policy  of  the  past  becomes  a  serious  question. 

There  are  few  industrial  operations  which,  from  the  stand- 
point of  physical  chemistry  are  more  complex  in  their  nature 
than  the  treatment  by  heat  of  coal,  oil  and  water  in  the  pro- 
duction of  coke,  gas,  tar,  ammonia  and  cyanogen.  In  gas 
manufacture  practically  all  the  variables  of  chemical  phe- 
nomena are  involved.  While  this  fact  greatly  complicates 
such  industrial  problems  theoretically  and  practically,  at  the 
same  time  it  greatly  enlarges  their  possibilities;  it  strongly 
emphasizes  the  need  of  continued  scientific  research  and  in- 
vestigation in  connection  with  them.  The  heat  treatment  of 
coal,  oil  and  water  necessitates  dealing  with  the  chemical  reac- 
tions of  solids,  liquids  and  gases,  and  with  all  the  laws,  both 
physical  and  chemical,  which  govern  these  reactions.  The 
finest  equipment  in  the  world,  designed  with  utmost  mechan- 
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ical  precision,  but  without  regard  for  the  laws  which  govern 
the  reactions  carried  out  in  it,  is  likely  to  be  less  useful  than 
apparatus  of  the  most  wretched  mechanical  construction,  but 
which  does  consider  the  chemical  changes  involved.  Ob- 
viously the'  aim  of  any  industrial  operation  is  perfection  both 
of  process  and  apparatus. 

Problems  that  are  primarily  chemical  and  which  can  be  at- 
tacked most  efficiently  from  a  chemical  point  of  view  are  com- 
mon enough  in  gas  manufacture.  Who  of  the  gas  men  present 
have  not  at  some  time  or  another  faced  the  problems  result- 
ing from  naphthalene,  drip  oil,  fluctuating  candle-power,  de- 
posited carbon,  ammonia,  sulphur,  cyanogen,  or  any  one  of  a 
dozen  other  factors.  Further,  every  new  development  in  gas 
manufacture  will  create  new  problems.  Every  improvement 
will  involve  some  question  or  questions  peculiar  to  it.  The 
greater  the  number  of  researches,  the  greater  is  the  progress 
in  a  given  field,  and  the  greater  becomes  the  number  of  new 
problems. 

Hitherto  the  greatest  progress  in  American  gas  manufac- 
ture has  been  made  along  mechanical  lines,  and  as  Americans, 
we  may  be  proud  of  this  progress.  Chemical  development, 
however,  has  been  far  behind  the  mechanical  and  operating 
improvements.  It  may  be  said  that  we  have  been  spending 
too  much  of  our  energy  investigating  the  machine,  rather  than 
what  is  going  on  inside  of  the  machine.  Were  the  machine 
the  end  product  of  vital  importance,  improvements  of  this 
character  would  be  unquestionable,  but  the  gas  factory  of  the 
future  will  earn,  or  fail  to  earn,  its  dividends  as  it  turns  out, 
or  fails  to  turn  out,  the  best  relative  yields  of  coke,  gas,  tar 
and  ammonia.  It  is  true  that  the  machine  and  the  process 
are  vitally  related ;  there  may  be  objection  to  this  point  because 
engineers  are  constantly  working  to  perfect  processes.  It 
seems  in  gas  manufacture,  however,  that  too  many  of  the 
purely  theoretical  chemical  problems  have  been  left  to  the 
mechanical  or  erecting  engineer  for  solution.  A  mechanical, 
electrical  or  civil  engineer,  whose  primary  profession  is  the 
19 
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building  and  operation  of  machines  and  equipment,  whose 
academic  training  consisted  in  the  study  of  chemistry  and 
physics  during  a  part  of  two  years,  should  not  be  expected  to 
be  as  efficient  in  chemical  research  as  the  man  who  devoted 
himself  exclusively  to  the  study  of  chemical  ahd  physical 
phenomena;  it  is  the  latter,  furthermore,  whose  primary  pro- 
fession to-day  is  the  study  of  chemical  and  physical  phe- 
nomena. To  carry  out  high  grade  research  and  investigation 
in  any  line,  well  paid  specialists  must  be  employed.  The  able 
and  efficient  chemist  and  chemical  engineer  can  do  better 
things  than  analyze  coal  and  iron  oxide,  however  efficient  he 
may  be  at  the  latter. 

Gentlemen,  the  day  is  past  when  gas  making  is  primarily  a 
mechanical  operation.  Carbureted  water  gas  constitutes  ap- 
proximately two-thirds  of  the  gas  made  to-day,  and  it  is  no 
longer  possible  to  buy  a  high  grade  paraffin  gas  oil  for  3 
cents  a  gallon.  Consequently,  the  petroleum  supply  becomes 
a  most  vital  and  important  problem  to  the  American  gas 
manufacturer  to-day.  The  importance  of  the  oil  problem  as 
related  to  gas  manufacture  can  be  conveyed  by  the  fact  that  in 
1913,  Greater  New  York  alone  used  approximately  3,860,000 
barrels  of  oil  in  the  manufacture  of  carbureted  water  gas.* 
During  191 3,  the  same  plants  used  approximately  1,600,000 
tons  of  coal.  On  the  basis  of  heat  units  involved  oil  has 
become  as  important  in  American  gas  manufacture  as  coal. 
Furthermore,  Greater  New  York  constitutes  but  one  center 
for  gas  manufacture.  I  need  not  elaborate  on  the  importance 
and  seriousness  of  this  oil  problem,  because  you  are  fully  ac- 
quainted with  it.  During  the  last  decade,  the  increasing  price 
of  oil  for  gas  manufacture  has  created  what  many  gas  men 
regard  as' a  "dangerous"  situation;  and  this  is  true  despite  the 
fact  that  never  before  in  the  history  of  the  United  States  has 
so  much  oil  been  produced  as  to-day. 

Why  is  it,  then,  that  gas  oil  is  expensive?     Why  should 
hundreds  of  millions  of  dollars  worth  of  oil  carbureting  ma- 

^  Gas  World,  1914,  Vol.  61,  p.  76. 
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chinery  be  threatened  ?  What  is  it  that  makes  the  economical 
use  of  petroleum  one  of  the  chief  problems  of  the  gas  manu- 
facturer? It  is,  first,  the  scientific  progress  in  petroleum  re- 
fining, and,  second,  the  changing  character  in  composition  of 
the  oil  from  newly  discovered  fields.  Through  careful  scienti- 
fic investigation,  and  through  the  application  of  physical  chem- 
ical principles,  pure  and  simple,  the  refiner  has  perfected  pro- 
cesses whereby  the  oil  which  you  used  to  buy  at  3  cents  a  gal- 
lon is  now  converted  into  gasoline  and  other  end  products 
which  sell  at  several  times  that  price.  A  representative  ex- 
ample of  this  progress  can  be  had  from  the  testimony  of  Mr. 
Frank  B.  Lewis,  Jr.,  Manager  of  the  Standard  Oil  Company 
refinery  at  Whiting,  Indiana,  regarding  the  Burton  process; 
this  was  offered  at  a  recent  court  hearing  in  Chicago." 

"Q.  Your  Whiting  plant  is  running  exclusively  on  Mid- 
Continent  oil,  is  it? 
"A.  Yes,  sir. 

"Q.  Now  tell  us,  Mr.  Lewis,  what  percentage  of  the 
crude  oil  is  refined  into  gasoline? 

"A.  With  the  present  methods  of  distillation  you  can 
refine  it  all  into  gasoline  if  you  wish  to. 

"Q.  The  entire  percentage? 

"A.  You  can  take  it  all  and  convert  it  all  into  gasoline, 

except  what  coke  is  left  in  the  still,  and  a  little 

wax  or  petroleum  tailings. 

"Q.  How  long  has  that  method  been  in  use? 
"A.  About  one  year. 

"Q.  Is  that  method  in  use  at  the  Whiting  plant  to-day  ? 
"A.  Yes,  sir. 

"Q.  To  what  extent. 

"A.  To  convert  the  fuel  oil  that  we  don't  have  any  sale 
for,  into  lighter  product;  fuel  and  gas  oil  we 
don't  have  any  sale  for  and  contracts  for,  into 
'  The  Petroleum  Gazette,  July,  1914,  p.  5. 


Digitized  by  VjOOQIC 


292 

lighter   products   making  them   up   into   motor 

fuel,  which  is  practically  gasoline." 
Furthermore,  oil  refiners  all  over  the  country  are  working 
on  methods  to  convert  every  pound  of  gas  oil  into  more  valu- 
able products.  Facing  facts,  this  means  that  if  gas  men  are  to 
continue  the  use  of  petrolevun  in  carbureting  water  gas,  they 
must  resort  to  one  of  two  alternatives: 

1st:  Greatly  increase  the  yield  of  gaseous  hydrocarbons 

from  a  given  amount  of  oil,  or 
2nd :  Perfect  methods  of  using  the  millions  of  barrels 

of  fuel  oil  which  to-day  are  considered  unfit  for 

carbureting  water  gas. 
One  often  hears  the  statement  that  these  so-called  fuel  oils 
cannot  be  used  in  carbureting  water  gas.  What  right  docs 
any  one  have  to  make  this  statement?  Is  it  the  result  of 
scientific  study  and  investigation,  or  is  it  the  result  of  experi- 
ments carried  out  under  the  same  old  conditions  which  pre- 
vail in  the  use  of  Pennsylvania,  Ohio  or  Indiana  petroleum? 
Gentlemen,  the  purpose  in  emphasizing  the  gravity  of  the 
petroleum  situation  in  connection  with  gas  manufacture,  is 
not  to  destroy  hope  nor  to  disseminate  pessimism  for  the 
future.  On  the  contrary,  I  believe  that  as  soon  as  the  gas 
manufacturer  faces  facts  as  they  are,  and  seriously  attacks 
the  problem,  increased  efficiency  and  economy  will  result  with 
petroleum  still  of  primary  importance  as  a  raw  material. 
Never  in  the  history  of  the  world  has  so  much  oil  been  pro- 
duced as  is  being  produced  to-day.  It  is  estimated  that  Okla- 
homa alone  will  mine  80,000,000  barrels.'  California  will 
contribute  another  100,000,000  barrels.*  Never  in  the  history 
of  the  United  States  has  so  much  oil  been  in  storage  as  to-day. 
We  are  not  facing  an  oil  famine.  We  are  facing  a  famine  of 
knowledge  concerning  the  chemical  behavior  of  inferior  pe- 
troleums which  will  facilitate  their  substitution  for  higher 
grade  petroleums. 

^  Oildom,  August,  1914,  issue. 
*  Petroleum  Review  Vol.  30,  pp.  599,  687,  717. 
Vol.  31,    p.  3. 
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we  accept  the  statement  that  the  various  so-called  fuel 
annot  be  used  to  carburet  water  gas,  the  necessity  for 
ific  chemical  research  becomes  more  acute  than  ever, 
ans  that  carbureted  water  gas  is  entering  a  rapid  decline, 
>  to  be  replaced  by  coal  gas,  by-product  coke  oven  gas,  or 
other  process  gas  not  developed  to-day.  The  problems 
^ing  physical  chemistry  will  not  be  eliminated.  The  phe- 
na  of  chemical  change  are  involved  in  any  process 
2in  a  solid  or  liquid  is  converted  into  a  gas  of  different 
itution. 

e  machine  becomes  of  vital  importance  when  it  favors  or 
Ts  optimimi  conditions  for  the  end  products  desired. 
t  from  operating  costs,  the  relative  merits  of  horizontal 
iclined  vs,  vertical  retorts  depend  entirely  upon  the  in- 
ces  of  the  retort's  position  on  physical  and  chemical 
3;es  involved.  The  relative  merits  of  any  mechanical 
ture  used  in  gas  manufacture  depend  upon  its  influence 
lemical    reactions  which  produce  the  ultimate  end  prod- 

The  vertical  retort  completely  filled,  yields  more  tar 
ess  gas  than  the  American  practice  of  partially  filling  the 
:al  retort,  simply  because  the  vapors  are  subjected  to  dif- 
It  physical  conditions  which  influence  the  degree  of 
:ing  and  tend  to  bring  about  equilibria  concordant  there- 

This  difference  in  end  products,  using  the  same  type 
achine,  indicates  the  complexity  of  the  chemical  reactions 
as  manufacture  and  the  close  relations  which  exist  be- 
1  prevailing  conditions  and  end  products  obtained.  Both 
oven  gas  and  retort  gas  are  made  by  the  application  of 
to  coal,  yet  the  two  gases  vary  considerably  in  their  com- 
ion.  Therefore,  should  we  not  look  foriyard  to  a  com- 
understanding  of  the  composition  of  the  raw  materials, 
and  petroleum,  and  the  changes  and  mechanism  of  the 
§;es  that  take  place  in  them  under  different  physical  con- 
is? 

hen  pointing  out  the  seriousness  and  the  dimensions  of 
fas  man's  chemical  problems,  and  when  referring  to  the 
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efforts  and  accomplishments  of  petroleimi  refiners,  it  would 
be  unjust  to  overlook  the  excellent  research  work  which  has 
been  started  within  the  last  three  to  five  years.  However, 
practically  all  of  these  investigations  deal  with  coal.  They 
are  concerned  with  determining: 

1st.  The  composition  of  the  coal. 

2nd.  The  initial  decomposition  products. 

3rd.  The  final  decomposition  products  under  varying 

temperatures  and  pressures. 
4th.  The  nature  of  the  tars  produced  imder  varying 

temperatures   and  pressures. 

I  refer  to  the  valuable  work  of  Parr  and  Olin,'  Burgess  and 
Wheeler,®  Ame  and  Pictet,  Pictet  and  Bouvier,®  Rau  and 
Labris,®  Vignon,'^  the  Bureau  of  Mines,  The  United  Gas  Im- 
provement Company,  The  Barrett  Manufacturing  Company, 
and  numerous  other  investigators. 

Much  of  this  work  may  appear  too  academic  and  question- 
able from  a  practical  point  of  view.  On  the  other  hand,  our 
industry  progresses  as  the  result  of  just  such  investigations. 
Regardless  of  whether  a  low  temperature  process,  for 
example,  is  valuable  for  direct  application,  the  information 
obtained  as  to  the  constitution  and  chemical  behavior  of  the 
coal,  is  of  utmost  importance.  The  same  information  with 
respect  to  petroleum  is  equally  essential.  As  a  matter  of  fact, 
prior  to  the  works  above  referred  to,  the  extent  of  change  that 
takes  place  in  the  destructive  distillation  of  coal  was  a  ques- 
tion. In  other  words,  do  the  end  products  occur  in  coal  as 
such,  or  are  they  formed  in  the  operation?  Does  benzene 
occur  in  coal  as  benzene,  or  is  it  formed  in  the  distillation? 
To-day  these  questions  appear  unnecessary  and  out  of  place. 

*  Bulletin,  University  of  Illinois  Engr.   Expt.  Sta.,  1912.     Compt. 
rend.,  1913.  Vol.  137,  p.  779. 

•Trans.  Chem.  Soc.,  1910,  p.  1917;  1911,  p.  649;  1914,  p.  131. 
^  Compt.  rend.,  1913  {157)  779. 

•  Jour.  f.  gasb.,  1913  (56)  533,  557,  589. 
*"  Compt.  rend.,  1912,  p.  1514. 
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low  believe  that  benzene  does  not  occur  perceptibly  in  the 
lal  coal,  nor  does  it  occur  in  appreciable  quantities  in  East- 
as  oils.  The  fact  that  it  does  occur  considerably  in  both 
'  gas  and  coal  gas  tars  of  to-day,  indicates  conclusively 
^nzene  is  made  in  the  course  of  the  gas  making  process. 
t  has  been  a  transformation;  a  chemical  change.  That 
hange  is  not  a  simple  one,  can  be  observed  from  the  in- 
ations  referred  to.  Further,  it  is  found  that  when  coal 
tilled  under  a  vacuum,  very  little  benzene  is  formed. 
I  the  mechanism  of  benzene  formation  is  fully  under- 
,  it  will  be  a  relatively  simple  matter  to  increase  or  de- 
j  the  yield.  Benzene  is  referred  to  purely  as  an  illus- 
n.  The  same  reasoning  applies  to  all  tar,  ammonia  and 
gen  formation  in  connection  with  gas  manufacture.  If 
halene  is  an  undesirable  product  in  gas  manufacture,  its 
ranee  is  not  conclusive  proof  that  its  production  cannot 
oided. 

5  variation  in  the  tar  obtained  from  different  processes 
al,  oil  and  coke  oven  gases,  is  entirely  due  to  variations 
J  prevailing  physical  conditions.  It  is  a  fact  that  these 
lo  differ,  yet  the  initial  materials  used  in  the  process  of 
facture  may  be  the  same.  With  the  reason  for  these 
ences  fully  understood;  the  optimum  conditions  for 
facture  of  both  tar  and  gas  will  be  understood  and  bet- 
talized.  The  tars  which  result  from  the  destructive  dis- 
Dn  of  coal  or  oil,  under  different  physical  conditions,  vary 
dely  as  do  the  physical  conditions  under  which  they  are 
.  In  the  course  of  a  research  carried  out  by  Prof.  M.  C. 
aker  and  the  writer,"  on  the  destructive  distillation  of 
leum,  it  was  found  that  the  tar  made  under  greatly 
lished  pressure  was  radically  different  from  that  obtained 
acking  the  same  oil  under  atmospheric  or  increased  pres- 
The  vacuum  tar  was  of  much  lighter  specific  gravity; 
itained  practically  no  free  carbon;  no  naphthalene  or 
acene  settled  out  of  the  heavier  distillates  of  the  tar ;  the 
Journal  of  Ind.  &  Hog.  Chetn.,  1914,  pp.  383,  472. 
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tar  combined  readily  with  1.82  sp.  gr.  sulphuric  acid.  Tars 
resulting  from  cracking  the  same  oil  under  increased  pressure 
contained  much  free  carbon ;  they  were  of  considerably  higher 
specific  gravity ;  naphthalene  and  anthracene  settled  out  of  the 
distillates;  they  contained  benzene;  they  would  not  combine 
readily  with  1.82  sp.  gr.  sulphuric  acid.  The  gas  made  under 
the  two  conditions  was  of  equally  different  composition.  The 
vacuum  gas  was  a  "dry"  gas,  in  that  it  contained  practically 
no  benzene ;  on  the  other  hand,  it  was  high  in  ethylene  homo- 
logues.  The  volunie  of  uncombined  hydrogen  obtained  under 
vacuiun  conditions  was  very  much  less  than  when  the  machine 
was  under  increased  pressure.  Further,  there  was  practicaUy 
no  deposit  of  free  carbon  when  working  under  a  vacuum, 
whereas  when  the  pressure  on  the  machine  was  increased  to 
three  atmospheres,  over  50  per  cent.,  by  weight,  of  the  original 
oil  was  deposited  as  carbon. 

Let  us  see  how  far  the  variables  common  to  any  gaseous 
chemical  reaction  have  been  investigated  with  respect  to  illu- 
minating and  heating  gas.    They  are  five  in  number  : 

1.  Temperature. 

2.  Pressure. 

3.  Concentration  (Mass  action). 

4.  Duration  (Time). 

5.  Contact  Surface. 

On  the  basis  of  combinations  and  permutations,  it  becomes 
evident  that  a  great  variety  of  manufacturing  conditions  can 
be  obtained.  Opinions  naturally  differ  as  to  when  a  field  has 
been  properly  and  sufficiently  investigated,  and  I,  therefore, 
do  not  pretend  to  determine  what  proportion  of  the  work 
remains  to  be  done.  It  remains  for  each  individual  to  form 
his  own  opinion.  The  field  of  temperature  has  been  widely 
investigated,  but  principally  with  the  machine  under  atmos- 
pheric pressure.  Experiment  shows  that  the  moment  we 
change  the  pressure,  new  results  are  obtained  and  a  new  series 
of  experiments  suggested.  Certain  it  is  that  much  remains 
to  be  done  in  the  field  of  concentration,  pressure  and  contact 
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surface  changes.  The  application  of  various  conditions  for 
different  periods  of  time  still  offers  field  for  investigation. 

I  repeat  that  even  if  such  investigations  do  not  result  in 
radically  new  processes,  they  will  yield  valuable  information 
for  a  better  understanding  of,  and  improvement  in,  present 
day  processes.  From  a  practical  viewpoint,  we  may  not  as  yet 
be  able  to  see  the  advantages  to  be  gained  from  the  application 
of  such  scientific  investigations,  and  on  the  contrary,  we  may 
see  disadvantages.  However,  this  should  not  prevent  our 
exploring  the  field.  Industrial  experience  has  again  and  again 
proven  that  the  theory  of  to-day  is  the  practice  of  to-morrow. 
In  the  absence  of  theoretical  considerations,  applied  chemistry 
to-day  would  be  in  the  mediaeval  stages.  As  a  typical  ex- 
ample, the  investigations  of  Haber  concerning  the  manufac- 
ture of  ammonia  from  hydrogen  and  nitrogen  were  on  a 
purely  theoretical  basis."  From  an  initial  yield  less  than  one- 
fourth  of  I  per  cent.,  the  process  has  been  perfected  to 
give  a  yield  of  well  over  lo  per  cent  of  ammonia.  From  the 
idea  of  a  man  whose  principal  tools  were  theoretical  chemis- 
try, mathematics  and  physics,  laboratory  experiments  devel- 
oped into  a  process  of  commercial  importance.  The  same 
laws  maintain  in  the  ammonia  production  of  the  gas  plant 
that  maintain  in  Haber's  experimental  and  industrial  ap- 
parati. 

The  combination  of  nitrogen  and  carbon  in  the  formation 
of  cyanogen  compounds  is  influenced  by  varying  physical  and 
chemical  conditions  just  as  surely  as  is  the  production  of 
ammonia,  whether  from  coal  distillation  or  directly  from  the 
elements  as  in  the  Haber  process. 

The  application  of  physical  chemistry  to  industrial  prob- 
lems in  mathematical  terms  furnishes  a  means  for  quanti- 
tatively expressing  yields  and  reactions  taking  place.  I  refer 
to  the  equilibrium  relationship.  Under  some  conditions,  it  is 
highly  important  that  the  system  reaches  a  state  of  chemical 
equilibrium ;  under  another  condition,  it  would  be  fatal  for  the 
"  ZeitBch.  f.  Elek.,  1913,  p.  53. 
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em 

to 

reach  such  equilibrium. 

Let  us  consider  a  few 

cal 

examples : 

HeaU 

Volume 

No. 

Reactions 

of  reaction 

changes 

I 

C  +  2H,  =  CH, 

4-18900 

2  to  I 

2 

2C  4-  H,  =  C,H, 

—58100 

I   to  I 

3 

3C,H,  '-=  C,H, 

4-163000 

3  to  I 

.  4 

C  -h  H,0  --  CO  +H, 

—29300 

I   to  2 

5 

CH4  +  H,0  =  CO  -h  3H, 

—48200 

2  to  4 

6 

CO,  -f  C  =  2CO 

—39650 

I   to  2 

Partial  pressure* 

Approximate 

No. 

K«« 

K«» 

CH, 

I 

-  (H,)^ 

0.077 

0.003 

2 

I  X  io~i3            5.7  X  lo-w 

3 

(C,H,)» 
^       CO  X  H, 

9X  ic 

►«                   I 

.2  X   IO» 

4 

^-      H,0 

0.2 

25.0 

5 

_  CO  X  (H,)» 
'^  ~  CH,  X  H,0 

0.06 

346.0 

6 

"^  ~     CO, 

0.1 

590 

It  becomes  evident  that  for  some  reactions,  an  elevation  in 
temperature  favors  the  preservation  and  formation  of  hydro- 
carbons, whereas  for  other  reactions,  the  same  temperature 
is  destructive.  Considering  equations  (4)  and  (5),  two  of 
the  most  vital  in  present  carbureted  water  gas  manufacture, 
one  finds  that  a  temperature  of  900  C  is  favorable  to  the  CO 
and  H2  formation  of  both  (4)  and  (5),  but  it  is  unfavorable 
to  methane  preservation  of  (5).  On  the  other  hand,  a  tem- 
perature of  600  C  is  unfavorable  to  the  formation  and  pre^ 
servation  of  CO  and  H2,  but  is  decidedly  more  favorable  than 
900  to  hydrocarbon  preservation  of  (5).  At  this  lower  tem- 
perature, however,  the  CO2  of  (6)  predominates.  From  re- 
action (i),  it  becomes  evident  that  methane  is  destroyed  by 
high  temperatures. 

Numerical  equilibrium  expressions  permit  of  quantitatively 
indicating  the  influence  of  three  of  the  most  important  vari- 
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ables  of  a  gaseous  reaction,  i.  e,,  temperature,  pressure  and 
concentration.     The   value   of   the   equilibrium   constant   in- 
creases or  decreases  with  the  temperature.    Although  pressure 
and  concentration  variations  do  not  change  the  value  of  the 
equilibriimi  constant  for  a  given  temperature,  the  use  of  such 
equilibrium  expressions  enables  one  to  calculate  the  influence 
of  changes  in  pressure  or  concentration  for  any  given  tem- 
perature.   In  reactions  (i)  and  (3),  referred  to  above,  there 
is  a  decrease  in  the  niunber  of  volumes  due  to  the  reaction; 
in  reaction  (4),  (5)  and  (6)  there  is  an  increase  in  the  num- 
ber of  volumes  due  to  the  reaction;  in  reaction  (2)  there  is 
no  change  in  the  reacting  volumes.     According  to  the  prin- 
ciple of  LeChatelier,  pressure  stimulates  those  reactions  in- 
volving contraction,  and  vacuum  stimulates  those  reactions  in- 
volving expansion.     Pressure  and  vacuum  are  without   in- 
fluence on  those  reactions  involving  neither  contraction  nor 
expansion.     For  detailed  consideration  of  the  application  of 
numerical  equilibrium  relationships,  see  articles  by  Whitaker 
and  Rittman,**  and  Rittman.**     By  a  correlation  of  equili- 
briiun  conditions  for  the  various  reactions  involved  in  gas 
manufacture,  much  help  can  be  had  in  determining  the  course 
of  experiments.     Unfortunately,  equilibrium  relationships  as 
shown,  do  not  indicate  the  speed  of  the  reaction  involved: 
they  indicate  the  state  of  affairs  after  complete  reaction  has 
taken  place  and  the  system  is  balanced.     Therefore,  the  in- 
formation indicated  by  an  equilibrium  relationship  is  not  com- 
plete in  itself.     No  single  reaction  can  be  considered  exclu- 
sively by  itself.    All  the  reactions  in  a  process  are  vitally. in- 
terrelated, though  any  single  reaction,  or  set  of  reactions,  may 
be  extremely  important  as  indicating  a  tendency. 

The  shape  of  the  machine  cannot  change  the  equilibriimi 
constant  for  any  given  reaction.    It  is  easily  possible  to  reach 
the  same  equilibrium  in  entirely  different  types  of  machines. 
The  machine  is  vitally  important  insofar  as  its  design  pro- 
"  Jour.  Ind.  &  Eng.  Chem.,  1914,  pp.  383,  472. 
"  Journal  of  the  Soc.  of  Chem.  Ind.,  1914,  p.  626. 
Metallurgical  &  Chemical  Engineering,  1914,  p.  475. 
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vides  conditions  for  a  favorable  or  unfavorable  equilibrium; 
or  insofar  as  its  design  hastens  or  retards  the  system  in  reach- 
ing equilibrium.  It  would  be  an  easy  matter  to  expand  in- 
definitely on  the  importance  and  practical  application  of 
equilibrium  relationships  with  respect  to  gas  manufacture,  but 
it  seems  advisable  to  await  further  experimental  evidence. 

In  conclusion,  I  would  say  that  the  application  of  physical 
chemistry  to  gas  manufacture  is  stimulating,  because  gas 
manufacture  is  a  chemical  and  chemical  engineering  problem. 
It  involves  solids,  liquids  and  gases  with  all  the  chemical  and 
physical  laws  governing  these  three  states  of  matter.  The 
questions  of  energy  and  heat  transformations  determine  profit 
or  loss.  Nowhere  is  the  question  of  chemical  equilibrium 
more  important.  Vapor  pressure,  surface  tension,  solubility, 
diffusion,  dissociation,  polymerization,  catalysis,  decomposition, 
specific  heat,  latent  heats  of  reaction,  speed  of  reaction  con- 
stitute fundamentals  in  physical  chemistry,  and  are  all  vital  to 
the  gas  man.  The  five  variables, — temperature,  pressure,  con- 
centration, duration,  and  contact  surface,  offer  a  flexibility 
which  should  permit  equal  flexibility  in  the  character  of  the 
end  products  obtained.  Complicated  problems  become  ele- 
mentary in  the  light  of  physical  chemistry.  The  pendulum 
swings  to  the  extreme  where  gas  manufacture  becomes  pri- 
marily a  problem  involving  theoretical  and  applied  chemistry. 
Without  its  application  the  industry  cannot  develop.  How- 
ever, in  view  of  the  work  which  has  recently  been  done  and 
which  is  being  done,  we  can  feel  that  g^s  manufacture  as  a 
chemical  problem  is  gradually  coming  into  its  own. 

The  Acting  Chairman  :  I,  for  one  of  the  chemical  engi- 
neers of  the  country,  feel  as  I  have  received  a  well-merited 
spanking.  We  need  just  such  talks  to  push  us  along  to  where 
we  should  go  without  the  spanking.  Such  a  paper  has  not  been 
presented  any  too  soon.  As  Mr.  Rittman  has  said,  investiga- 
tion into  oil  has  been  carried  on  only  during  the  last  five  years. 
There  are  many  other  things  which  each  of  us  can  think  of 
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present  problems  we  should  consider.  We  do  not  need 
:old  "where  to  get  off,"  but  where  to  get  on. 

•pe  this  paper  will  have  free  discussion. 

F.  A.  H.  White  (Ann  Arbor,  Mich.)  :  (Written  discus- 
>mmunicated.)  The  people  of  this  country  are  to  be  con- 
ited  on  the  energetic  and  broad-minded  policy  of  their 
n  of  Mines  which  is  constantly  striving  to  promote  more 
t  utilization  of  our  mineral  resources.  The  utilization  of 
id  gas  was  one  of  the  earliest  subjects  to  receive  attention 
^he  Bureau,  and  already  a  number  of  bulletins  of  value 
gas  industry  have  been  published.  Mr.  Rittman*s  paper 
ery  proper  emphasis  on  the  chemical  nature  of  all  the 
ses  involved  in  gas  manufacture.  Their  control  can  only 
through  careful  chemical  study.  This  field  of  research 
emely  difficult  because  of  the  number  of  reactions  which 
simultaneously  and  the  fact  that  few  of  them  are  carried 
lilibrium  in  the  manufacturing  process.  Especial  care 
)e  exercised  in  transferring  results  from  the  laboratory 
manufacturing  scale  in  such  cases,  because  every  change 
t  allowed  for  reaction  and  every  change  in  the  nature  of 
itact  surface,  influences  the  result  to  an  extent  which  at 
seems  wholly  out  of  proportion  to  the  apparent  magni- 
f  the  change.    The  usual  purpose  of  a  technical  investi- 

is  to  obtain  a  specific  improvement  or  to  remedy  a 
:  evil.  Unfortunately,  the  study  must  usually  be 
;d  when  the  immediate  ends  are  fulfilled  or  if  the  work 
ot  promise  results  of  tangible  value.  Some  of  the  larger 
ations  can  afford  to  make  a  thorough  study  of  a  problem 
f  it  is  not  apparent  that  the  results  will  be  distinctly 
ian;  and  it  Js  clearly  a  function  of  a  government  r^ 

laboratory  tc  exhaustively  study  those  reactions  of 
nental  importance  whose  solution  requires  the  uninter- 

attention  of  trained  investigators  for  long  periods  of 

Mr.  Rittman  is  entirely  right  in  emphasizing  the  need 
areful  study  of  fundamental  reactions.     Gas  manufac- 
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ture  is  a  branch  of  chemical  engineering  and  needs  every  aid 
which  chemistry  and  engineering  can  give  it. 

The  Acting  Chairman:  We  would  like  to  hear  from 
someone  else  on  this  matter. 

Mr.  V.  VON  Starzenski  (Schenectady,  N.  Y.)  :  I  think  we 
have  every  reason  for  being  grateful  to  the  Bureau  of 
Mines  for  the  three  papers  which  have  been  presented  this 
afternoon,  and  I  move  that  we  send  a  special  vote  of  thanks 
of  this  Section  to  the  Director  of  Bureau  of  Mines  for  the 
privilege  of  listening  to  Mr.  Burrell,  Dr.  Porter  and  Mr.  Ritt- 
man  this  afternoon. 

(Motion  seconded  and  carried.) 

The  Acting  Chairman  :  Mr.  Rittman  said  if  he  had  more 
time,  he  would  tell  us  something  about  equilibrium  constants. 
Now  we  have  time,  and  we  should  like  to  hear  something  on 
equilibrium  constants,  if  Mr.  Rittman  will  tell  us  something. 

Mr.  Rittman  :  Gentlemen,  it  is  a  rather  complicated 
thing.  We  all  know  that  if  carbon  is  heated  in  the  presence 
of  air,  under  one  condition  we  will  get  a  certain  percentage  of 
carbon  dioxide,  and  under  other  conditions  of  temperature,  we 
will  get  another  percentage  of  carbon  dioxide.  Likewise,  each 
temperature  will  yield  a  definite  percentage  of  carbon  monox- 
ide. There  is  equilibrium  between  carbon  dioxide  and  carbon 
monoxide  for  each  temperature.  Carbon  dioxide  plus  carbon 
is  reversible  with  two  molecules  of  monoxide.  The  reaction  is 
usually  written  with  arrows  (^)  instead  of  the  conventional 
equality  mark  (  =  )  to  bring  out  the  fact  that  the  reaction  can 
proceed  in  either  direction;  its  direction  is  determined  by 
physical  conditions  such  as  temperature,  pressure,  concentra- 
tion, contact  surface  and  duration.  When  the  reaction  in  one 
direction  is  exactly  equal  to  the  reaction  in  the  opposite 
direction,  then  the  system  is  in  equilibrium;  i.  e.,  the  relative 
percentages  of  carbon  dioxide  and  carbon  monoxide  do  not 
change. 

Take  for  instance  a  gas  producer  (making  diagram).  Now. 
then,  if  your  temperature  is  low,  this  reaction  (indicating  two 
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molecules  of  carbon  monoxide)  takes  place  only  to  a  moderate 
degree.  If  your  temperature  is  high,  all  of  the  carbon  dioxide 
goes  to  carbon  monoxide.  There  is  a  relation  between  the  two 
which  is  expressed  by 

CO,  +  C  n:  2CO. 
I  will  write  this  2CO  equal  to  CO  plus  CO,  and  equilibrium 
exists  when  this  CO  times  CO  (or  CO  squared)  divided  by 
the  CO2,  has  a  definite  numerical  value 

T^r         vw                .     .X        CO  X  CO  (CO)' 

K  (equilibrium  constant)  = -^ —      ^^ 

K  represents  an  equilibrium  constant.  For  each  temperature, 
it  has  a  definite  niunerical  value.  Let  us  substitute  some  num- 
erical value.  Let  us  say  that  its  value  is  0.5.  Practically  this 
can  be  experimentally  determined;  also  with  the  aid  of  ther- 
modynamics, it  can  be  calculated. 

Now  then,  CO  plus  CO,  I  will  write  as  (CO)^     Suppose  I 
have  a  partial  pressure  here  of  0.5,  in  other  words  0.5  repre- 
sents the  total  pressure  of  CO,  then  (CO)*  equals  0.25.    Sub- 
stituting, we  have 
IT       (CO)'         ^  ,  _  0.5  X  0.5      pp.   _    0-5X0.5  _    ^  ^ 

In  other  words,  when  the  equilibrium  constant  for  the  indicated 
reaction  equals  0.5  and  the  partial  pressure  of  CO  is  one-half 
atmosphere,  then  the  partial  pressure  of  COg  must  also  equal 
one-half  atmosphere  in  order  to  maintain  equilibrium. 

Equilibrium  conditions  can  be  calculated  for  a  reaction  be- 
fore you  touch  a  beaker  or  a  hammer.  Say  we  are  burning 
coal  in  a  boiler,  the  old  idea  was  to  convert  100  per  cent,  of  it 
into  carbon  dioxide.  Equilibrium  conditions  indicate  that  it 
cannot  be  done,  and  at  the  same  time  maintain  a  high  temper- 
ature. 

Supposing  you  eliminate  any  excess  of  oxygen,  equilibrium 
relationships,  purely  aside  from  practical  experience,  indicate 
that  you  are  in  trouble.  That  explains  why  from  a  practical 
side  it  is  advisable  to  have  a  little  oxygen  in  your  flue  gas,  also 
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why  it  is  practically  impossible  to  get  all  carbon  dioxide  with 
the  complete  exclusion  of  carbon  monoxide. 

The  point  is  that  no  chemical  reaction  goes  completely  in 
one  direction  under  all  conditions.  Every  reaction  is  influ- 
enced by  a  reaction  proceeding  in  the  opposite  direction. 
When  the  rate  of  change  in  one  direction  is  exactly  counter- 
balanced by  the  rate  of  change  in  the  opposite  direction,  the 
system  is  in  a  state  of  equilibrium  and  the  number  which  ex- 
presses this  relationship  is  known  as  the  equilibrium  constant 
If  any  of  you  care  to  follow  up  this  matter  in  relation  to  its 
practical  application,  I  would  suggest  that  you  read  the  ref- 
erences cited  in  my  paper  just  read. 

Thr  Acting  Chairman  :  I  think  we  feel  greatly  indebted 
to  Mr.  Rittman  for  his  graphic  description. 

Mr.  W.  S.  BlauvElt  (Detroit) :  Mr.  Chairman,  we 
passed  a  formal  vote  of  thanks  to  the  Director  of  the  Bureau 
of  Mines.  I  think  we  should  equally  express  our  appreciation 
to  the  gentlemen  who  have  so  kindly  come  forward  with  these 
papers. 

Mr.  von  Starzenski's  motion  called  for  a  vote  of  thanks  to 
the  Director  of  the  Bureau  of  Mines.  I  think  there  should  be  a 
separate  and  distinct  vote  of  thanks  to  the  gentlemen  repre- 
senting the  Bureau  of  Mines  who  have  just  made  this  after- 
noon's session  so  instructive  and  interesting  to  the  Chemical 
Section.    I  make  that  motion. 

(Motion  seconded  and  carried  unanimously.) 

REPORT  OF  THE  SECTIONAL  NOMINATING 
COMMITTEE. 

The  Acting  Chairman  :  The  Nominating  Committee  will 
now  report. 

Mr.  W.  H.  Hinman  (New  York) :  The  Committee  on 
Nominations  takes  pleasure  in  presenting  the  following  names: 
Mr.  W.  S.  Blauvelt  (Detroit),  Dr.  A.  H.  Elliott  (Flushing, 
N.  Y.)  and  Donald  McDonald  (Albany). 

Mr.  E.  C.  Uhlig  (Brooklyn)  :     I  move  that  the  report  of 
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nmittee  be  accepted  and  adopted,  as  the  three  designees 
Chemical  Section  to  the  Nominating  Committee  of  the 
:e  for  election  next  year  as  vice-president  of  the  Chem- 
:tion. 

tion  seconded  and  carried.) 

Acting  Chairman  :  We  will  now  call  on  Chairman 
It  to  close  the  meeting 

Chairman:  Gentlemen,  I  have  nothing  further  to 
except  to  thank  you  for  the  interest  you  have  taken, 
been  more  than  pleased — I  have  been  surprised — at  the 
umber  of  members  present  at  the  Chemical  Section,  and 
iiis  initial  meeting  gives  promise  of  real  results  to  the 
ustry  from  starting  this  section,  and  that  there  is  some 
t  of  the  chemist  coming  to  his  own  in  the  gas  industry, 
lien  we  reach  the  point  where  we  can  tell  the  difference 
1  a  "billy-goat  and  an  equilibrium  constant,"  to  quote 
Ir.  Rittman,  we,  in  turn,  may  be  able  to  do  more  for 
ancement  of  the  gas  industry, 
have  been  given  some  papers  this  afternoon  that  will 

0  be  stimulating  to  everyone  of  us.  It  is  a  wonderful 
us  to  find  how  large  is  the  realm  in  which  our  ignor- 
supreme.     We  have  seen  a  little  of  that  realm  this 

on. 

ere  anything  else  to  come  before  the  section  ? 

Victor  von  Starzenski   (Schenectady,  N.  Y.) :     Is 

ly  time  you  want  to  kill,  Mr.  Chairman? 

Chairman  :  There  is  no  reason  to  remain  in  session 
y^ou  have  something  special  to  bring  up. 

voN  Starzenski:  Last  winter  the  Chairman  asked 
ead  a  paper  on  the  liquid  purification  of  gas.  I  agreed 
lis  assuming  that  our  coal  gas  plant  would  be  completed 
idule  time,  which  was  May  i,  1914.  Due  to  the  vicis- 
of  construction  work,  we  did  not  start  up  until  August, 

1  am,  therefore,  unable  to  present  any  data  worthy  of 
r,  but  I  would  like  to  present  a  few  ideas  and  start  a 
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little  discussion  as  there  seems  to  be  such  a  lack  of  informa- 
tion on  the  subject  of  removal  of  hydrogen  sulphide  by  am- 
monia. 

As  you  all  know,  liquid  purification  of  hydrogen  sulphide  is 
accomplished  by  removing  the  hydrogen  sulphide  by  so-called 
caustic  ammonia.  This  caustic  ammonia  is  obtained  by  heating 
weak  ammoniacal  liquor  of  i  to  2  per  cent,  strength,  up  to 
190°  F.  or  215°  F.  and  driving  off  the  hydrogen  sulphide  and 
carbon  dioxide.    Exactly  what  that  temperature  is,  is  indefinite. 

Last  year  Mr.  J.  J.  O'Neill,  presented  a  paper  in  which  he 
said  that  i  per  cent,  ammonia  liquor  would  not  be  changed 
in  ammonia  strength,  but  would  have  the  hydrogen  sulphide 
and  carbon  dioxide  changed  if  it  were  heated  up  to  214°  F. 
We  experimented  and  found  that  while  the  hydrogen  sulphide 
and  carbon  dioxide  were  removed,  the  ammonia  liquor  was 
also  weakened.  It  takes  such  a  large  quantity  of  that  weak 
liquor  to  remove  the  hydrogen  sulphide  in  the  gas,  that  you 
cannot  build  up  the  strength  of  your  caustic  ammonia,  as  it 
is  necessary  to  return  such  large  quantities  of  weak  liquor  to 
the  still  from  the  scrubber. 

We  have  done  a  little  more  experimenting  during  the  past 
week,  and  we  find  by  increasing  the  rate  of  flow  of  the  weak 
liquor  50  per  cent,  through  the  heater,  that  the  strength  of 
the  ammonia  is  not  affected  as  much  as  at  the  lower  rate.  We 
originally  started  by  heating  the  liquor  up  to  212°  F.,  but 
found  that  under  the  low  rate,  that  1.25  per  cent,  liquor  was 
reduced  to  0.8  per  cent.,  while  it  seems  that  under  the  in- 
creased rate  of  flow  through  the  heater,  that  same  strength 
liquor  is  only  reduced  to  i.i  per  cent.  The  increased  rate, 
therefore,  looks  to  be  a  step  in  the  right  direction. 

By  that  way,  we  drive  off  80  per  cent,  of  the  hydrc^en  sul- 
phide and  45  per  cent,  of  the  carbon  dioxide.  By  passing  S-S 
gallons  of  this  liquor  per  thousand  feet  of  gas  through  the 
first  half  of  our  ammonia  scrubber,  we  are  able  to  remove 
from  35  to  40  per  cent,  of  the  total  hydrogen  sulphide  in  the 
gas. 
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5  we  can  increase  the  amount  of  the  liquor  which  goes 
1,  I  do  not  see  why  we  cannot  get  an  absorption  of  80 
►er  cent. 
Chairman:  I  am  sure  we  are  interested  in  this 
nt  of  Mr.  von  Starzenski.  I  am  glad  we  got  a  word 
,  as  we  had  hoped  to  have  a  paper  presented  on  that 

A.  H.  Elliott  (Flushing,  N.  Y.)  :  A  good  many 
go  I  tracked  up  this  same  path,  and  I  did  it  in  exactly 
ne  way.  I  found  if  you  took  ammonia  liquor  and 
caustic  lime,  that  is  to  say,  milk  of  lime,  sufficient  to 
ith  the  carbon  dioxide  and  the  sulphur,  you  could  get 
r  that  would  purify  gas.    Now,  I  did  not  go  far  enough 

to  get  results.  I  was  called  away  from  the  job  and 
n  an  unfinished  condition. 

rtain  number  of  grains  of  calcium  hydroxide  will  dis- 
i  water.    You  might  take  out  your  sulphur  and  carbon 

without  trouble,  and  then  have  a  liquor  you  could 
hat  is  only  a  suggestion. 

Chairman  :  Is  there  anyone  else  with  anything  they 
like  to  bring  before  the  Institute  as  a  message  from 
imical  Section? 

VON  Starzenski  :  I  have  noticed  that  papers  are  pre- 
and  numerous  questions  ar^  asked  and  some  answered, 
is  to  me  the  proper  way  to  do  that  is  to  answer  each 
ti  when  it  is  asked. 

Chairman  :  I  think  that  suggestion  of  Mr.  von  Star- 
is  a  very  good  one ;  the  only  difficulty  is  the  time  limit. 

Way:     I  move  that  we  adjourn. 

Elliott:  Before  that  motion  is  put,  Mr.  Chairman,  I 
)  express  my  gratification  at  the  fact  that  this  section 
i  such  an  able  chairman  to  conduct  our  Proceedings 
ike  things  go  so  smoothly.  I  think  we  should  express 
)preciation  in  the  form  of  a  vote  of  thanks  of  this 
I  make  a  motion  to  that  effect. 
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(Motion  stated  by  Mr.  C.  W.  Hinman  and  carried  after 
being  seconded.) 

(Motion  to  adjourn  seconded  and  carried.) 

The  Chairman  :     The  Chemical  Section  stands  adjourned 

Adjourned,  5  :oo  p.  m. 
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MANUFACTURING  SECTION. 

Afternooii  SeMion,  Wadnetday,  October  21. 

Capt.  W.  E.  McKay  (Boston),  Chairman,  Presiding. 

Mr.  W.  Van  Alan  Clark  (Astoria,  Long  Island,  N.  Y.), 
Section  Secretary. 

The  Chairman  called  the  meeting  to  order  at  2:18  p.  m. 

The  Chairman  :  The  first  business  on  the  afternoon  pro- 
gram is  the  Report  of  the  Committee  on  Refractory  Materials, 
by  Mr.  H.  Russell,  Chairman,  of  Rochester,  N.  Y. 

REPORT  OF  THE  COMMITTEE  ON  REFRACTORY 
MATERIALS. 

By  way  of  introduction  to  this,  the  first  report  of  the 
Refractory  Materials  Committee,  it  will  not  be  amiss  to  state 
briefly  the  scope  of  the  work  of  this  committee. 

In  its  broadest  aspect,  this  should  be  to  place  before  the  gas 
engineer,  builder  and  fire  brick  manufacturer,  information 
which  will  enable  them  to  select  and  produce  that  refractory 
material  which  will  prove  most  efficient  for  the  required  work. 

In  order  to  accomplish  this,  it  is  necessary  to  know,  first,  th^ 
conditions  which  the  refractory  material  must  meet  in  prac- 
tice, second,  the  qualities  the  material  must  possess  in  order 
to  best  meet  these  conditions,  and  third,  we  must  have  satis- 
factory methods  of  testing  refractory  materials  for  these  quali- 
ties. Such  information  will  result  in  more  intelligent  use  of 
refractory  material  by  gas  engineers  and  an  improved  product 
by  fire  brick  manufacturers. 

It  is  quite  evident  that  satisfactory  progress  in  the  study  of 
these  problems  demands  the  sincere  co-operation  of  three  par- 
ties— the  maker,  the  builder  and  the  user.  The  last  two  are 
well  represented  on  your  Committee.  The  securing  of  the 
co-operation  of  the  maker  has  been  taken  care  of  through  the 
agency  of  the  Committee  on  Gas  Refractories  of  the  Refrac- 
tories Manufacturers  Association,  most  of  whose  committee 
members  are  also  members  of  the  Institute.  The  work  which 
has  been  accomplished  is  a  result  of  the  joint  action  of  the 
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two  committees,  and  all  the  meetings  to  date  have  been  joint 
sessions.  These  meetings  have  been  productive  of  a  spirit  of 
fairness,  co-operation,  and  open-mindedness  on  the  part  of  all, 
that  has  been  most  gratifying.  It  is  perhaps  not  out  of  place 
to  say  here  that  the  appointment  of  your  Committee  and  the 
starting  of  this  study  was  in  a  great  measure  due  to  the  sug- 
gestion of  the  manufacturers  of  refractory  material. 

It  was  also  found  that  a  great  deal  of  work  had  been  done 
by  the  Bureau  of  Standards,  and  that  the  Bureau  on  Refrac- 
tory Materials  should  be  of  great  assistance  to  the  work  of  the 
committees,  and  Mr.  A.  V.  Bieininger,  Ceramic  Chemist  of 
the  Bureau  of  Standards,  kindly  consented  to  act  as  a  member 
of  the  Committee,  with  the  approval  of  the  Bureau.  Mr. 
Bieininger  is  also  Chairman  of  Committee  "C-8"  on  Refrac- 
tory Materials,  of  the  American  Society  of  Testing  Materials. 

The  work  of  the  Committee  to  date  has  been  fairly  well  out- 
lined in  the  reports  of  meetings,  which  have  appeared  in  the 
Institute  News. 

At  the  suggestion  of  your  President,  a  very  complete  abstract 
bibliography  of  the  subject  of  Refractory  Materials  has  been 
prepared  by  Messrs.  F.  N.  Morton  and  W.  E.  Saunders  under 
the  direction  of  Mr.  W.  H.  Fulweiler.  This  has  been  carefully 
indexed  by  Mr.  D.  S.  Knauss.  All  these  gentlemen  are  members 
of  The  United  Gas  Improvement  Company  staff,  and  the  Insti- 
tute is  greatly  indebted  to  them  for  this  very  valuable  work. 
This  bibliography  is  submitted  .with  this  report  and  your  Com- 
mittee recommends  that  it  be  printed  by  the  Institute,  in  a  size 
and  form  suitable  for  library  reference,  and  sold  to  those 
desiring  copies.  Inasmuch  as  the  American  Society  for  Test- 
ing Materials  had  appointed  a  Committee  "C-8"  on  Refractory 
Materials,  whose  duty  it  is  to  prepare  standard  methods  of 
test  for  such  materials,  your  Committee  decided  to  conduct 
this  part  of  its  investigations  in  co-operation  with  this  Com- 
mittee. Committee  "C-8"  has  appointed  sub-committees  on, 
and  will  prepare  standard  methods  covering,  the  following 
properties  of  refractory  material : 
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Fusion  points. 

Chemical  and  mineralogical  analyses. 

Thermal  conductivity  and  expansion. 

Porosity  and  permanent  volume  changes. 

Load  tests. 

Crushing,  abrasion  and  other  physical  tests. 

Slugging  action, 
nr  Committee  is  now  securing  data  to  forward  to  these 
IS  sub-committees,  so  that  they  will  be  able  to  give  us 
oon,  tentative  methods  of  tests  of  gas  industry  refractory 
ial.    By  means  of  circular  and  individual  letters  sent  to 

representative  gas  engineers  and  gas  works  builders, 
committee  tried  to  ascertain  the  temperature  and  loading 
Jons  to  which  refractory  material  is  being  subjected  at 
•esent  time  in  various  types  of  carbonizing  plants.  The 
s  show  that  in  modern  carbonizing  plants  we  may  expect 
il  operating  temperatures  as  follows : 

Pi^ACE  AND  Temperature,  Degrees  F. 

Interior  First  Second 

Combustion  carbonizing  pass  waste  pass  waste 

ice  chamber  chamber  gas  flue  gas  flue 

,400  1,600-2,700  1,500-2,400  1,300-2,200  570-1,600 

I  maximum  temperature  to  be  expected  under  abnormal 
tions  is  given  by.  several  observers  as  3,000°  F.  The 
num  load  in  the  settings  varies  with  the  different  types 
mts  at  from  12  to  28  lbs.  per  square  inch,  and  the  tem- 
ires  at  these  points  of  maximum  load  vary  from  2,000°  F. 
00°  F.  As  to  the  question  whether  they  would  operate 
settings  at  higher  temperatures  provided  the  material 

1  safely  stand  such  temperatures,  opinion  was  about 
ly  divided.  This  information  has  been  tabulated  and  will 
jd  in  the  preparation  of  standard  methods  of  test,  and  will 
material  help  to  the  Committee  in  its  future  studies. 

2  Committee  desires  to  report  progress  on  the  matter  of 
reparation  of  standard  specifications  for  fire  clay  and 
material  for  gas  works  use.  Practically  all  the  time  of 
St  three  meetings  of  the  Committee  has  been  devoted  to 
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the  discussion  of  these  specifications.  Your  Committee  finds 
that  it  will  be  necessary  to  conduct  rather  elaborate  experi- 
ments in  order  to  determine  the  behavior  of  silica  and  clay 
materials  under  load  at  high  temperatures.  These  experiments 
have  been  arranged  for,  and  will  be  conducted  at  the  testing 
laboratory  of  the  Bureau  of  Standards  in  Pittsburgh,  under 
the  direction  of  Prof.  A.  V.  Bleininger.  We  believe  that  the 
result  of  those  experiments  will  enable  us  to  specify  refrac- 
tory qualities  of  material  that  will  be  satisfactory  both  to  the 
users  and  manufacturers. 

We  have  corresponded  with  representative  technical  schools 
and  universities,  as  well  as  the  Bureau  of  Standards,  and  all 
have  assured  the  Committee  of  their  co-operation  in  the  carry- 
ing out  of  tests. 

We  have  arranged,  through  Mr.  F.  J.  Bywater,  Secretary  of 
the  Refractory  Committee  of  the  English  Institution  of  Gas 
Engineers,  for  an  interchange  of  information.  The  results  of 
their  investigations  have  been  a  material  help  to  your  Com- 
mittee, and  we  in  return  have  been  able  to  reciprocate,  e.«?pe- 
cially  in  the  matter  of  silica  material. 

Your  Committee  feels  that  it  has  made  only  a  start  in  the 
work  which  is  to  be  done,  and  believes  that  the  Refractory 
Materials  Committee  should  be  a  permanent  one.  The  work 
this  coming  year  will  consist  in  the  completion  of  the  standard 
specifications,  the  preparation  of  standard  methods  of  test,  and 
an  investigation  of  the  properties  of  refractory  material 
together  with  a  study  of  operating  conditions,  in  order  to 
determine  the  qualities  a  fire  brick  material  should  possess  to 
fit  it  for  a  given  gas  works  use. 

Herman  Russeli*,  Chairman, 
],  W.  Batten,  J.  P.  Kennedy, 

W.  H.  Blauvelt,  C.  J.  Ramsburg. 

J.  S.  DeHart,  J.  H.  Taussig, 

W.  H.  FuLWEiLER,  H.  L.  Underhiu. 

Mr.  R.  Norris  (Philadelphia)  :    Preliminary  to  discussion, 
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the  acceptance  of  the  report,  the  adoption  of  its  recom- 

ions,  and  that  the  work  of  the  Committee  be  continued 

the  coming  year. 

ral  members  seconded  the  motion. 

Chairman  :  Is  there  any  discussion  ? 

e  being  no  discussion  on  the  motion,  the  question  was 

i  Wtih  can  led. 

next  paper  is  "Oil  Tar  Separation,  Recovery  and  Dis- 

by  Mr.  R.  E.  Wyant,  of  New  Haven,  Conn. 

AR  SEPARATION,  RECOVERY  AND  DISPOSAL. 

Separation. 
)nsidering  this  subject,  it  is  not  the  writer's  purpose  to 
nto  a  discussion  of  the  separation  of  tar  from  water 
St,  because  he  has  no  method  to  suggest  which  is  not 
ly  well  known,  and  second,  because  the  usual  pieces  of 
tus — scrubbers,  condensers,  P.  &  A.  extractors,  shav- 
rubbers,  and  purifiers — have  been  thoroughly  tested  as 
r  efficiency  as  tar  separators  by  long  and  general  use. 
*s  of  very  carefully  conducted  tests  of  all  of  this  ap- 
i  has  been  made  by  Dr.   A.   P.   Beardsley,   of   New 

Connecticut,  and  the  results  were  presented  by  him  in 
r  before  the  New  England  Association  of  Gas  En- 
,  at  the  19 12  meeting  at  Boston.  These  results  were 
d  under  average  working  conditions,  and  I  believe  in- 
vvhat  may  be  fairly  expected  of  such  apparatus, 
e  tests  show  a  production  of  tar  equal  to  14.2  per  cent, 
volume  of  oil  used.    A  summary  of  the  results  is  given 

showing   the   performance   in    removing   tar   of   the 
;  pieces  of  apparatus  in  sequence. 

Per  cent.  Per  cent, 

tar  Per  cent.  equivalent 

Apparatus  removed  efficiency  of  oil 

Scrubbers 21.3  21.3  3.02 

Condensers 62.5  79.4  8.87 

P.  &  A.    12.96  80.0  1.84 

Shavings  scrubbers. .     2.86  88.20  0.41 

Purifiers i>.37  98.00  0.05 

Escape  purifier -     o.oi  —  o.oi 

100,00  4.20 
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It  is  undoubtedly  true  that  tests  may  be  found  showing 
better  efficiencies  than  above  indicated  for  the  various  pieces 
of  apparatus.  It  must  be  borne  in  mind,  however,  that  it  is 
not  always  possible  to  maintain,  in  actual  operation,  the  max- 
imum efficiencies  possible  for  any  piece  of  apparatus.  We 
must  make  gas  as  needed,  and  varying  conditions,  and  quanti- 
ties of  gas  passing  the  apparatus,  seriously  affect  the  efficiency. 

There  is  much  diversity  of  opinion  among  gas  engineers  as 
to  the  relative  value  of  some  of  the  apparatus  mentioned  It 
is  sometimes  maintained  that  the  P.  &  A.  extractors  are  alone 
sufficient  for  the  removal  of  the  tar  fog  remaining  in  the  gas 
after  condensation.  On  the  other  hand,  shavings  scrubbers 
are  considered  quite  indispensable  by  a  large  number  of 
engineers.  In  any  case,  both  are  introduced  where  the  tar 
contained  in  the  gas  is  highly  attenuated,  and  difficult  to  re- 
move, and  both,  at  best,  can  remove  but  a  moderate  proportion 
of  the  total  tar.  The  tests  show  that  both  pieces  of  apparatus 
are  highly  efficient  in  removing  the  tar  that  comes  to  them, 
and  that  the  addition  of  the  shavings  scrubbers  relieves  the 
purifying  material  of  about  140  pounds  of  tar  for  each  million 
cubic  feet  of  gas  passed.  The  shavings  scrubbers  also  fulfill 
an  important  office  in  saving  the  purifying  material  during 
such  variations  of  pressure  as  impair  the  efficiency  of  the 
P.  &  A.  extractors. 

All  of  the  above  remarks  apply  to  tar  in  the  form  of  liquid 
or  fog,  and  it  will  be  observed  that  a  measurable  quantity  of 
tar  per  million  feet  of  gas  is  carried  past  even  the  purifiers  in 
this  form.  In  order  to  conserve  the  illuminants  in  the  gas, 
the  various  scrubbing  operations  must  be  carried  on  at  a 
temperature  near  100**  F.,  and  for  this  reason,  we  cannot 
hope  to  remove  all  of  such  tar  vapors  as  have  an  appreciable 
vapor  tension  at  this  temperature.  It  is,  of  course,  the  sub- 
sequent cooling  after  purification,  that  accounts,  in  a  meas- 
ure, for  the  condensate  found  in  holders  and  drips. 

Recovery. 
Depending  upon  its  disposal,  the  recovery  of  the  tar  after 
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tion  from  the  gas,  may.  or  may  not  present  difficulties. 

is  a  small  proportion  of  emulsion  of  tar  and  water 
ually  formed  in  the  condensation  and  separation  of 
•  from  the  gas.  If  the  whole  of  the  tar  separated  in  the 
1  scrubbing  devices  be  passed  through  gravity  separa- 
nd  collected  for  prompt  disposal,  the  emulsion  passes 
with  the  water-free  tar  and  forms  a  mixture  of  low 
content.  If,  on  the  other  hand,  the  tar  is  allowed  to 
ulate  for  long  periods,  as,  for  instance,  in  a  holder  tank, 
ound  that  a  further  separation  takes  place  between  the 
ving  a  low  water  content  and  the  emtilsion.  The  writer 
issed  through  the  latter  experience.     Oil  tar  has  been 

for  several  years  in  a  holder  tank  and  reclaimed  by 
ng,  as  required,  from  the  bottom  of  the  tank.  This  ar- 
nent  was  perfectly  satisfactory  until  it  was  discovered 
fie  tar  drawn  from  the  holder  suddenly  contained  large 
ties  of  water.  Investigation  revealed  the  fact  that  the 
sedly  large  stock  of  oil  tar  consisted  of  an  emulsion  of 

with  water. 

determine  the  quantity  of  tar  present,  samples  were 
I  from  the  holder  tank  at  definite  varying  elevations, 
he  samples  analysed  by  distillation.  The  analyses 
d  a  water  content  of  from  2  per  cent,  to  3  per  cent,  for 
St  18  in.  from  the  bottom  of  the  tank.  Samples  taken 
rom  the  bottom  showed  the  presence  of  46  per  cent,  of 

and  this  percentage  increased  rapidly  to  80  per  cent, 
at  4j4  ft.  and  90  per  cent  at  12  ft.  from  the  bottom 
iple  containing  6  per  cent,  water  (by  volume)  gave  the 
ing  characteristics  for  the  water- free  tar. 
.  Specific  gravity  1.070  at    60°  F. 


.  Viscosity  (Engler) 

77°  F. 

Specific  viscosity 

50  cc.  in.       22'''' 

1.95 

100  cc.  in.      47^'' 

2.05 

200  cc.  in.  i^S''^ 

2.08 

.  Plash  point 

119^  F. 

.  Fire  point 

154**  F. 

.  Free  carbon  by  CS,  extraction  0.41  % 
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A  sample  containing  66  per  cent,  water  by  volume  gave  for 
the  water-free  tar  the  following: 
r.  Specific  gravity  1.043  at    60°  F. 

2.  Viscosity  (Engl er)  77®  F.  Specific  viscosity 

50  cc.  in.       20'^  1.77 

100  cc.  in.      42^^  1.83 

200  cc.  in.  1^-32''^  1.82 

3.  Flash  point  1 20°  F. 

4.  Fire  point  133**  F. 

5.  Free  carbon  by  CS^,  extraction  2.17% 

It  will  be  noted  that  the  sample  containing  the  large  per- 
centage of  water  has  a  lower  gravity,  is  slightly  more  fluid 
and  more  volatile,  while  the  percentage  of  free  carbon  is  in- 
creased about  2  per  cent. 

This  emulsion,  even  containing  90  per  cent,  of  water,  is 
very  deceptive  in  appearance,  as  it  looks  like  good  tar.  It  is 
extremely  persistent,  and  could  not  be  broken  in  the  labora- 
tory by  filtration  through  either  paper  or  cloth,  nor  by  grind- 
ing in  a  paint  mill.  Centrifugal  separators  were  entirely  in- 
effective, and  prolonged  heating  was  found  useless.  Separa- 
tion was  also  attempted  by  steam  jets  in  contact  with  the 
emulsion.  It  was  finally  felt  that  success  was  likely  to  be 
obtained  only  through  a  distillatioii  process  and  this  method 
has  been  carried  out  in  a  simple  and  fairly  effective  manner 
by  use  of  existing  apparatus. 

The  water  gas  apparatus  is  equipped  with  the  usual  scrub- 
bers filled  with  wooden  grids  following  the  wash  box  or  seal 
Usually  water  is  caused  to  circulate  through  these  scrubbers 
and  descends  against  the  upward  flow  of  the  gas.  Tar  is  sep- 
arated from  the  hot  gas  and  passes  out  at  the  bottom  of  the 
scrubbers  with  the  circulating  water  into  gravity  separators. 
Here  most  of  the  tar  is  caught,  and  the  water  passes  on 
through  the  separators  into  a  collecting  tank  from  which  it  is 
again  pumped  to  the  top  of  the  scrubbers.  As  the  circulating 
water  is  raised  nearly  to  the  boiling  point  by  its  contact  with 
the  hot  gas,  it  is  necessary  to  place  the  circulating  pumps  be- 
low the  collecting  tank,  so  that  the  hot  water  will  flow  to  the 
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With  this  apparatus  at  our  disposal,  the  tar  emulsion 
bstituted  for  the  circulating  water  and  the  gravity  sep- 

by-passed,  so  that  the  tar  removed  from  the  gas, 
with  the  emulsion  directly  to  the  collecting  tank.  As 
ulsion  is  broken,  by  the  evaporation  of  its  water,  the 
:les  to  the  bottom  of  the  tank,  and  it  is  necessary  only 
ip  out  the  tar  each  day  and  replace  it  with  emulsion. 
5  method,  we  are  able  to  treat  about  i,ooo  gallons  of 
m  per  million  feet  of  gas  made, 
irding  the  formation  of  this  extremely  watery  and  per- 
emulsion,  the  writer  has  no  positive  knowledge.  Its 
ion  is  thought  to  be  based  primarily  upon  the  presence 
carbon  or  dust  mixed  with  the  tar.  It  is  quite  evident, 
IT,  that  the  quantity  of  water  carried  by  the  emulsion 
5  independent  of  the  quantity  of  free  carbon  present 
sample  before  mentioned,  which  contained  66  per  cent, 
it  will  be  recalled  that  the  water-free  tar  was  found 
ain  only  2.17  per  cent,  of  free  carbon.  Vertical  retort 
itaining  from  6  per  cent,  to  8  per  cent,  is  but  slightly 
ied  during  condensation,  although  a  50  per  cent,  mix- 
'  this  tar  with  water  can  be  permanently  emulsified  by 
►n.  Horizontal  retort  tar  containing  from  25  per  cent, 
er  cent,  free  carbon,  does  not  approach,  in  the  emulsion 
I,  in  condensation,  the  water  content  found  in  the  oil 
:  would  seem,  therefore,  that  the  peculiar  oil  tar  emul- 
due  rather  to  the  treatment  of  the  tar  during  conden- 
and  perhaps  to  its  lighter  and  more  limpid  character- 
han  to  the  amount  of  free  carbon  contained.  From  the 
it  the  emulsion  is  found  at  the  outlet  of  the  first  scrub- 
is  evidently  formed  either  in  the  seal  or  in  the  scrubber, 
oth.  This  fact  suggests  a  mechanical  formation  due  to 
lent  agitation  of  the  newly  condensed  tar  in  the  water 
seal  box. 

Disposal. 

many  years,  the  disposal  of  oil  tar  has  been  a  serious 
n  to  many  gas  companies,  and  for  that  reason,  the  tar 
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has  been  largely  used  for  fuel.  While  excellent  for  this  pur- 
pose on  account  of  its  high  calorific  power  ana  ease  in  hand- 
ling, it  should  be  worth  more  than  its  fuel  value. 

As  a  boiler  fuel,  it  can  be  burned  successfully  either  in  com- 
bination with  a  coal  fire,  or  in  a  suitable  setting  alone.  The 
latter  case  is  by  far  the  more  efficient  if  boiler  equipment  and 
tar  supply  admit  of  the  isolation  of  one  or  more  boilers  for  its 
exclusive  use.  Its  high  calorific  value  and  its  ease  in  storing 
and  handling  give  low  evaporative  cost. 

Recently  a  much  wider  field  of  usefulness  has  been  opened 
to  oil  tar  in  the  demand  for  road  material.  For  such  purposes, 
however,  the  tar  should  be  treated  by  distillation. 

As  a  dust  laying  material,  it  has  been  used  to  some  extent  in 
the  crude  state,  but  many  objections  have  developed  in  this 
practice.  Among  them  may  be  mentioned  its  odor,  danger  of 
ignition  owing  to  low  flash  point,  its  liability  of  containing 
large  amounts  of  water,  and  the  frequent  applications  neces- 
sary to  preserve  its  effectiveness.  All  of  these  objections  can 
be  readily  removed  by  distillation  either  in  a  fire  or  steam  still. 
The  steam  still  involves  a  much  smaller  expenditure  for  ap- 
paratus, and  is  effective  and  rapid.  For  effective  distillation 
by  steam,  however,  it  is  desirable  to  blow  live  steam  directly 
into  the  tar  after  the  temperature  of  the  tar  in  the  still  has 
been  raised  above  212**  F.  The  distillation  should  be  con- 
tinued until  the  specific  gravity  has  been  raised  to  about  i.io 
at  60°  F.,  and  the  flash  point  to  about  145**  F.  Such  tar 
should  show  by  the  distillation  method  of  the  U.  S.  Office  of 
Public  Roads,  characteristics  about  as  follows: 

By  volume 
Per  cent. 

0.0 

1.4 
40.6 
58.0 

As  compared  with  petroleum  road  oil,  the  oil  tar  described, 
is  much  more  penetrating,  and,  therefore,  is  more  readily  ab- 
sorbed by  the  dust,  and  the  larger  pitch  residue  builds  a  more 
permanent  surface. 


Degrees  C. 

Degrees  F. 

By  weight 
Per  cent. 

I. 

To  no 

230 

0.0 

2. 

I  ID  to  170 

230  to  338 

I.o 

3- 

170  to  270 

33810518 

37.0 

4. 

Residue 

— 

62.0 
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road  surfacing,  the  distillation  should  be  carried 
r,  thus  reducing  the  penetrating  capacity  and  increas- 
t  proportion  and  stickiness  of  the  pitch  residue. 

first  distillate  from  the  tar  described  contains  benzol, 

etc.,  and  in  greater  proportion  to  the  tar  than  similar 
te  from  coal  tar.  The  intermediate  distillate  is  of  less 
but  has  recently  been  reported  a  good  fungicide  by  the 
Forest  Service  Investigators. 

luse  of  the  low  free-carbon  content  and  its  differences 
iracteristics  from  coal  tar,  oil  tar  is  frequently  found 

in  the  manufacture  of  tar  and  pitch  products  in  arriv- 

results  required. 

account  of  the  large  and  growing  demand  for  dust  lay- 
id  road  surfacing  materials,  however,  the  writer  feels 
lere  need  be  no  difficulty,  at  least  for  sometime  to  come, 
)osing  of  oil  tar  for  such  purposes  at  a  fair  price. 

Wyant:  (After  reading  abstract  of  above  paper) 
ding  the  formation  of  watery  emulsion  mentioned  on 
17.  While  preparing  this  paper,  a  niunber  of  experiments 
ed  to  me  which  might  throw  some  light  on  the  formation 
emulsion,  but  the  experiments  could  not  be  made  in  time 
lude  them  in  the  paper.  They  have  since  been  made, 
er,  and  if  interest  in  them  warrants,  I  shall  be  glad  to 
Dr.  Beardsley  read  them  to  you.  These  experiments 
made  and  carried  out  by  Dr.  Beardsley,  together  with 
:r  of  my  assistants,  Mr.  Dunham,  with  much  care. 
:e  writing  of  the  value  of  tar  distillate  as  a  fungicide 
age  319,  one  of  my  assistants,  who  is  interested  some* 
n  agricultural  matters,  tells  me  that  it  is  a  good  fungi- 
>ut  it  kills  the  trees  as  well.  (Laughter.) 
;  Chairman  :    The  paper  is  before  you  for  discussion. 

G.  T.  Macbeth  (Mt.  Vernon,  N.  Y.)  :  I  think  the 
Haven  Gas  Light  Company  is  to  be  complimented,  not 
n  the  scientific  way  in  which  they  have  investigated  their 
itters,  but  also  on  the  cleverness  with  which  they  seem 
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to  have  been  able  to  dispose  of  tar.  I  should  like  to  ask  Mr. 
Wyant  one  or  two  questions,  however,  in  connection  with  the 
matter.  Was  there  any  perceptible  change  in  oil  per  i,ooo  ft. 
of  gas  made,  when  he  changed  from  the  use  of  hot  or  cir- 
culating water  in  his  wash  box  and  scrubbers  to  the  emulsion? 
Also,  is  it  not  his  practice  to  sell  the  tar  from  his  works  in  a 
very  hot  state  to  the  people  who  are  putting  it  on  the  roads,  so 
that  the  tar  is  spread  more  easily  and  better  when  it  is  hot? 

Mr.  S.  H.  Ei<y  (Dover,  N.  J.)  :  I  thought  while  we  were 
talking  on  the  question  of  the  disposal  of  oil  tar,  it  would  be 
interesting  to  have  brought  to  your  attention  a  manner  of  dis- 
posing of  this  tar  that,  to  my  knowledge,  has  never  been  treated 
or  spoken  of  at  any  meeting  of  the  Institute.  This  is  the  use 
of  oil  tar  in  internal  combustion  or  what  are  commonly  called 
fuel  oil  engines. 

The  tar  is  used  in  the  same  manner  as  the  fuel  oil,  being 
first  heated  and  then  put  under  pressure  and  sprayed  into  the 
engine  with  air  at  a  pressure  of  about  i,ooo  lbs.  per  square 
inch.  The  engine  is  started  on  fuel  oil  and  after  it  has  been 
thoroughly  heated  through,  the  tar  is  pumped  to  the  engine, 
sometimes  by  the  same  pump  through  which  the  fuel  oil  is  fed, 
but  more  often  by  a  separate  pump. 

The  tar  when  mixed  with  the  fuel  oil  thickens  up  like  sour 
milk  and  sticks  on  the  pump  valves,  making  it  necessar>'  to 
use  a  separate  pump.  This  method  of  disposal  offers  a  very 
large  field  for  oil  tar  sales  and  I  believe,  although  I  have  not 
gone  into  it  very  thoroughly,  that  we  could  develop  power  in 
our  own  plants  more  economically  by  using  the  tar  in  the 
engines  instead  of  in  our  steam  boilers. 

Those  of  you  who  are  particularly  interested  in  this  phase 
of  tar  disposal,  I  would  refer  to  an  article  in  the  Gas  Age  of 
August  I,  19 1 4. 

Before  closing,  I  would  like  to  ask  Mr.  Wyant  if  he  is  in  a 
position  to  give  us  some  idea  of  a  tar  distilling  plant  that 
could  be  installed  in  a  small  works  and  operated  on  a  paying 
basis  ? 
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have  sold  a  great  deal  of  tar  for  road  purposes  in  the 
state  and  find  that  if  the  dust  is  first  swept  from  the 
I  am  speaking  now  of  macadam  roads)  and  two  appli- 
>  made  three  weeks  to  a  month  apart,  that  it  stands  up 
^ell  and  in  some  places  it  has  lasted  all  summer,  having 
pearance  of  amesite.  It  is  put  on  cold,  and  answers  the 
)n  of  Mr.  Macbeth. 

C.  Boone  (Brooklyn)  :  Mr.  Wyant's  remarks  bring 
Feature  of  the  oil  tar  problem  which  might  properly  lead 
ttle  farther  into  the  design  of  water  gas  generators.  He 
particularly  of  the  differing  opinions  among  gas  engi- 
is  to  the  relative  value  of  the  several  types  of  apparatus 
n  gas  works  for  the  removal  of  oil  tars  in  all  their 
r  of  composition  and  gravity.  He  describes  very  clearly, 
ows  by  analysis,  the  variety  of  character  of  emulsion  as 
imulates  in  the  storage  tanks,  as  he  has  found  it. 
3  my  opinion  that  this  emulsion  is  a  direct  result  of 
ent  in  the  generating  apparatus,  and  I  feel  it  is  caused 
tain  conditions  there,  which  vary  through  the  day's 
g,  with  all  types  and  sizes  of  apparatus.  Furthermore, 
)  plants,  except  by  chance,  would  be  apt  to  make  the  same 
tage  of  emulsion  with  relation  to  the  oil  used,  and  in 
alanced  machines  the  percentage  would  vary  in  a  gen- 
inverse  ratio  with*  the  rate  of  make  per  minute.  I  feel 
d  from  personal  observation  and  study  of  the  action  of 
gas  machines,  that  the  variation  in  timing  of  oil  treat- 
hroughout  the  run,  the  selection  of  the  path  of  the  flow 

oil  gases  through  the  generating  apparatus,  and  the 
on  in  the  protection  of  these  gases,  over  the  entire  area 
•k,  has  much  to  do  with  the  condition  that  causes  the 
opinions  of  gas  engineers  as  to  the  value  of  the  appara- 
d  for  separating  purposes ;  though,  as  a  rule,  these  effects 
en  only  in  their  average,  and  must  be  properly  inter- 
to  be  corrected. 

ir  opinions  no  doubt  are  based  on  what  they  actually 
;  apparatus  do,  but  the  duty  imposed  upon  the  appara- 
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tus  is  to  be  accounted  for  at  the  point  of  generation.  If  the 
oil  treatment  is  not  uniform  within  certain  reasonable  limits, 
the  duty  of  the  apparatus  must  vary,  and  it  may  often  be  called 
upon  to  do  work  for  which  it  was  not  designed. 

It  seems  to  me  that  a  closer  study  of  design  with  the  idea 
of  advancing  toward  automatically  uniform  treatment  of  the 
oil,  from  the  beginning  of  a  run  to  the  end  of  a  run,  and 
throughout  the  period  of  the  life  of  the  fire,  would  bring  about 
simplified  and  efficient  separating  arrangements,  because  of 
the  uniformity  of  the  product  collected  in  the  separating  sys- 
tem. The  tar  produced  would  be  of  a  more  nearly  uniform 
gravity,  sufficiently  heavy  to  be  readily  separated  by  simple 
treatment,  and  the  emulsion  would  tend  to  disappear. 

No  doubt  there  will  always  be  some  upsets  in  the  operation 
of  gas  plants,  but  anything  which  renders  oil  treatment  more 
certain  and  more  easily  controlled  must  have  the  effect  that 
I  have  tried  to  describe  in  these  remarks. 

Mr.  W.  H.  Fulweiler  (Philadelphia)  :  I  should  like  to  ask 
Mr.Wyant  if  he  has  any  figures  showing  to  what  extent  the 
water  was  reduced  in  the  oil  tar  after  passing  through  the 
scrubbers,  or  was  the  tar  simply  circulated  until  the  water  was 
apparently  all  driven  off?  It  is  a  rather  interesting  idea  that 
they  have  made  the  heat  in  the  gas  do  this  work,  which  at 
present  has  to  be  done  from  the  application  of  external  heat. 
There  is  another  point  that  comes  up.  Has  Mr.  Wyant  made 
any  attempt  to  determine  the  change  in  the  character  of  tar, 
as  far  as  the  presence,  we  might  say,  of  undecomposed  oil  in 
the  tar,  whether  he  has  noticed  that  it  has  any  effect  on  the 
percentage  of  emulsion?  This  will  be  shown  by  the  presence 
of  high  amoimts  of  unsulphonated  matter  in  the  tar.  Some 
experiments  which  we  have  made,  seem  to  indicate  a  tendency 
on  the  part  of  tars  containing  a  large  amoimt  of  unsulphonated 
matter  to  more  readily  form  emulsions,  and  we  assume,  maybe 
incorrectly,  that  the  presence  of  large  amounts  of  unsulpho- 
nated matter  indicates  incomplete  cracking,  and  therefore 
irregular  operation  in  the  carbureter. 
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W.  J.  McGuRTY  (New  York):  I  would  like  to  ask 
(^yant,  at  what  percentage  of  the  rated  capacity  of  the 
loval  apparatus,  were  those  experiments  conducted,  that 
»  it  at  full  capacity  or  at  60,  70  or  80  per  cent,  of  this 
:y?     The  tar  recovery  figure  given,  seems  rather  low, 

a  light  oil  was  being  used.     I  would  like  to  ask  if 

the  case,  or  whether  they  use  oils  of  varying  gravity 
ling  on  the  season  of  the  year. 
t  might  indicate  a  reason  for  emulsion  formation,  since 

found  that  even  when  operating  without  the  scrubbers, 
Dn  has  been  produced,  after  having  operated  for  months 
it  producing  any,  showing  the  possibility  of  incomplete 
ig  of  the  oil. 

J.  H.  Taussig  (Philadelphia)  :  I  would  like  to  ask  Mr. 
;  the  approximate  temperature  at  which  he  carries  the 
nt  parts  of  his  apparatus.  The  amount  of  tar  carried 
as  is  a  function  of  the  temperature.  It  would  be  very 
ting  to  know  his  operating  conditions. 
;  Chairman:  Won't  you  add  your  experience,  Mr. 
g,  covering  the  points  set  forth  in  the  paper  ? 

Taussig  :  It  seems  to  me  there  is  a  surprising  amount 
going  through  the  P.  &  A.  extractor.  It  may  be  that  the 
tor  has  not  a  high  enough  differential  to  take  out  all 
r,  or  the  holes  may  not  be  set  exactly  right,  but  the 
icy  is  very  poor.    With  temperatures  below  105°  F.,  over 

cent,  of  the  tar  should  be  removed.  It  is  possible  that 
factor  that  is  carried  over  that  temperature  might  allow 
go  through  in  the  form  of  saturated  vapor  and  be  sub- 
tly condensed.  I  have  had  experience  with  the  emul- 
It  seems  best,  where  there  is  large  storage  available,  to 
the  tar  to  settle  out.  This  takes  considerable  time,  but 
en  a  successful  method  with  me. 

A.  H.  Eluott  (Flushing,  N.  Y.)  :  I  should  like  to  ask 
'^yant  the  gravity  relation  between  the  oil  gas  tar  and  the 
l1  tar  used.  With  some  light  oils  you  won't  get  very  much 
t  with  heavier  oils  that  you  are  compelled  to  use  nowa- 
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days,  you  will  get  a  good  deal  more  tar  than  I  think  he  does 
there,  unless  he  is  very  fortunate.  I  think  that  it  is  nearer 
20  per  cent,  than  it  is  14.  I  wanf  to  make  a  suggestion  to  Mr. 
Wyant,  and  that  is,  that  when  they  are  testing  the  tar  by  dis- 
tilling or  when  they  are  making  these  separations  on  the  oil 
emulsions,  they  should  apply  one  of  the  methods  for  sepa- 
rating the  paraffin  hydrocarbons  from  the  aromatic  hydro- 
carbons, and  that  will  give  a  clue  to  the  amount  of  oil  that  has 
actually  been  decomposed.  An  oil  that  has  been  heated  at  low 
temperature,  of  course  will  go  through  as  a  paraffin  oil,  or 
one  of  the  paraffin  series,  while  the  oil  that  has  been  heated, 
say  around  1,000  or  1,200  degrees  and  above  will  be  more  likely 
to  belong  to  the  aromatic  series.  These  are  only  suggestions 
along  the  line  of  new  work,  and  I  hope  that  they  will  be 
accepted  as  such. 

Mr.  a.  S.  Miller  (New  York)  :  I  think  undue  difficulty 
is  placed  around  this  question  of  separation.  In  all  my  experi- 
ence, extending  over  the  use  of  a  good  many  different  kinds 
of  oils,  I  have  never  seen  the  time  when  a  properly  designed 
separator  run  at  the  proper  temperature,  would  not  separate 
the  tar  to  a  point  where  it  would  contain  not  over  2  per  cent, 
of  water,  and  I  do  not  think  there  is  any  difficulty  whatever  in 
that  line.  Of  course,  running  with  oil  in  retorts,  the  situation 
is  somewhat  different.  I  do  not  know  whether  anyone  runs 
that  way  now  or  not,  but  it  does  seem  necessary,  when  you  are 
using  the  oil  in  retorts,  to  separate  out  the  carbon  before  the 
residuum  oil  will  separate  from  the  water.  The  residuum  oil 
can  be  separated  from  the  water  by  putting  it  through  a  filter 
press  and  separating  out  the  carbon,  but  with  the  Lowe  process, 
or  any  modifications  of  it,  with  widely  varying  types  of  oil— 
I  have  used  oils  varying  from  63  to  20  degrees — I  have  never 
found  any  serious  difficulty  in  separating  the  water  from  the 
tar  and  the  tar  from  the  water. 

Mr.  C.  H.  Hodges  (New  York)  :  In  the  plant  with  which 
I  am  associated,  we  simply  take  the  emulsion  and  pass  it 
through  the  tar  separators  a  second  time.    Until  about  seven 
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ago,  we  used  to  accumulate  a  great  deal  of  this  emulsion, 
t  was  taken  away  by  someone,  I  think  for  nothing.  Since 
we  haven't  had  one  ounce  to  give  away ;  we  put  the  emul- 
hrough  a  second  time  and  that  solved  the  whole  problem. 

.  J.  A.  NoRCROSS  (New  Haven,  Conn.)  :  I  should  like  to 
le  more  word.  We  have  put  in  a  good  deal  of  work  on 
roblem  of  the  emulsion  formed  in  carbureted  water  gas 
ig,  and  we  have  found  out  something  about  it.  One  of 
leakers  suggested  that  if  the  emulsion  were  allowed  to 
in  a  large  tank,  such  as  a  relief  holder  tank,  it  would 
ite  in  time.  We  have,  in  addition  to  the  relief  holder  tank, 
i,ooo  gallon  holder  steel  tank,  and  that  tank  was  pre- 
)ly  full  of  tar.  When  we  came  to  bum  that  tar,  or  sell 
discovered  that  it  was  an  emulsion ;  a  very  little  tar  would 
ite  in  a  very  long  time  and  find  its  way  to  the  bottom, 
s  Mr.  Wyant  has  described,  the  proportions  of  water  in 
nulsion  varied  from  about  80  per  cent,  water  at  the  top 
re  tar  at  the  bottom,  and  only  a  few  inches  from  the 
n  was  a  large  percentage  of  water.  Now  our  problem 
3  get  rid  of  the  emulsion.  We  have  made  some  progress 
t  line,  but  a  very  disappointing  feature  of  our  investiga- 
is  that  we  do  not  know  the  cause  of  the  emulsion,  though 
of  the  experiments  which  Dr.  Beardsley  will  describe 
light  on  this  subject.  The  suggestion  that  it  is  due  to  the 
itor  conditions,  does  not  seem  to  apply.  Our  apparatus 
*en  the  same  for  many  years.  It  is  standard  apparatus 
le  manufacturing  of  carbureted  water  gas.  There  have 
changes  in  the  oils;  there  have  been  changes  in  the 
ds  of  operation ;  in  other  words,  where  we  used  to  have 
"uns  and  short  blows,  we  now  have  shorter  blows  and 
T  runs;  and  the  suggestion  of  one  speaker  that  the  in- 
d  capacity  per  square  foot  of  grate  area  of  generator,  or 
inute  of  the  generator  would  prevent  emulsion,  does  not 
to  hold,  because  our  accumulation  of  emulsion  occurred 
r  years  when  we  have  been  running  with  increased  output 
the  generator  per  square  foot  of  grate  area. 
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Mr.  R.  S.  Scott  (Baltimore)  :  We  have  had  some  trouble 
in  past  years  with  oil  tar  emulsion  when  on  high  oil  per  M, 
but  our  experience  leads  us  to  believe  that  its  formation  is  due 
to  unbalanced  conditions  in  the  generating  apparatus. 

Mr.  Norcross:    As  evidenced  by  what? 

Mr.  Scott  :  The  time  of  blowing  relative  to  the  time  of 
gas  making. 

Mr.  Norcross:  What  is  this  unbalance?  I  do  not  under- 
stand. 

Mr.  Scott  :  I  mean  that  a  better  balance  should  be  estab- 
lished between  blowing  time  and  gas  making  time,  in  order 
to  reduce  the  range  as  far  as  possible  between  maximum  and 
minimum  heats  in  the  checker  work,  while  the  stain  papers  at 
the  outlet  of  superheater  show  the  heats  established  in  the 
checker  work  to  be  the  correct  heats  for  the  oil  being  used,  as 
determined  by  a  series  of  stain  papers  at  the  superheater  giving 
a  proper  uniform  stain  throughout  the  entire  run  of  oil  into 
the  carbureter.  Unbalanced  conditions  also  come  from  im- 
proper handling  of  fires,  a  poor  balance  of  up  and  down  steam, 
too  much  excess  steam,  or  possibly  defects  in  the  apparatus. 
With  unbalanced  conditions,  the  oil  tar  emulsion  appears  to  be 
formed  by  the  fact  of  the  temperature  of  the  checker  work 
being  too  high  at  the  first  part  of  the  run,  thereby  over-crack- 
ing a  quantity  of  the  oil  and  forming  lamp  black,  while  at  the 
latter  part  of  the  run  the  heats  are  too  low,  resulting  in  under- 
cracking  a  quantity  of  the  oil. 

Such  conditions  coupled  with  excess  steam  tend  to  produce 
an  emulsion  of  porous  lamp  black  absorbing  oil  and  water 
vapors,  which  upon  condensing,  appears  in  the  seal  pots  and 
tar  separators  as  a  liquid  emulsion  consisting  of  lamp  black, 
oil  and  water.  The  union  of  these  substances  is  a  very  close 
one  requiring  a  distillation  to  separate  them. 

The  checker  brick  has  its  limitations,  and  if  conditions  of 
operating  necessitate  running  with  high  oil  per  M,  it  is  ex- 
tremely difficult  to  entirely  eliminate  the  formation  of  emul- 
sion, but  the  quantity  made  can  sometimes  be  reduced  by  ar- 
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ng  the  relation  between  the  blowing  time  and  running 
to  better  advantage,  while  adjusting  the  steam  with  the 
of  keeping  the  excess  steam  down  to  a  minimum.  We 
Snd  it  is  best  to  preheat  the  oil,  using  exhaust  steam,  be- 
g  that  it  at  least  gives  a  better  distribution  of  the  oil  into 
arbureter,  thereby  giving  more  uniformity  in  cracking 
il. 

*  use  the  tar  separator  tank  as  an  indicator  or  check  on 
eat,  balance  of  the  gas  machines,  and  the  chief  gas  maker 
as  much  attention  to  the  behavior  of  the  tar  separators 

does  to  his  fires,  heats,  oil  sprays,  steam  papers,  seal  pots, 
ig,  cleans,  or  to  any  other  part  of  the  gas  making  routine, 
eep  the  bottom  of  the  separator  tanks  as  clean  as  possible, 
omparatively  free  from  accumulated  tar.    We  have  in  our 

tar  separating  tank  a  partition  that  goes  within  about 

of  the  bottom,  and  if  we  allow  more  than  about  i8 
f  tar  to  accumulate  at  the  bottom  of  this  tank,  the 
ity  of  the  saturated  water  passing  under  the  partition  is 
ised  sufficiently  to  have  a  stirring  effect,  and  no  additional 
'ill  separate  out  until  the  bottom  is  cleared  of  tar.  For 
ive  tar  separation,  comparatively  slow  vertical  travel  is 
red  in  the  separating  tank,  as  the  process  of  separation 
its  of  a  quiet  undisturbed  settling  of  the  tar  out  of  the 
■.    We  are  fortunate  enough  to  get  very  clean  tar  separa- 

Our  separators  are  of  ample  size  for  the  amount  of  gas 

made,  and  by  examination  of  the  overflow  water  from 
irst  tank  or  main  separator,  we  find  over  99  per  cent. 
%  reported  by  our  chemist  from  time  to  time,  while  each 

tar  make  runs  from  0.4  to  0.7  per  cent,  of  water. 
Iiile  first  asstmiing  all  other  things  equal,  those  conditions 
e  gas  generating  apparatus  which  produce  the  best  con- 
is  at  the  tar  separating  system  for  settling  out  good  clean 
Iso  appear  to  produce  the  best  gas  results,  both  in  calorific 
:andle-power  values  per  gallon  of  oil  used.  It,  therefore, 
irs  that  clean  tar  recovery  is  of  vital  importance  to  econ- 

and  I  may  add  that  we  appear  to  get  the  best  oil  ef- 
cies  when  we  do  not  observe  any  emulsion  being  made. 
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Under  our  present  conditions  of  operating,  or  while  running 
on  low  oil  per  thousand,  we  are  not  apparently  making  any 
emulsion,  nor  have  we  seen  any  being  formed  for  the  past  six 
months  while  on  low  oil,  and  we  find  the  tar  sq)arating  system 
gives  us  material  aid  in  establishing  and  maintaining  an  ef- 
fective heat  balance  in  the  generator  sets  for  the  proper  hand- 
ling of  the  kind  and  quantity  of  oil  being  used. 

Mr.  C.  J.  Ramsburg  (Chicago) :  Some  one  has  said  that 
people  may  be  divided  into  two  classes,  those  that  have  rheu- 
matism, and  those  that  are  going  to  get  it,  and  I  think  that 
before  I  heard  Mr.  Scott's  speech,  I  would  have  said  that 
people  who  make  water  gas  are  divided  into  two  classes,  those 
that  do  have  trouble  with  emulsion,  and  those  who  are  going 
to  get  it.  I  do  not  know  whether  Mr.  Scott  is  storing  his 
water  gas  tar  at  all  or  selling  it.  If  he  is  storing  it,  I  think  he 
will  find,  if  he  is  storing  it  in  his  relief  holder,  that  he  has  not 
reached  the  point  yet  at  which  he  finds  that  he  is  making 
emulsion.  The  Philadelphia  Gas  Works  has  been  through  a 
series  of  experiments  with  this  emulsion;  they  made  a  great 
many  analyses,  and  they  finally  found  that  they  had  confined 
this  emulsion  to  a  certain  amount  of  iron  in  the  tar.  They 
also  found  that  if  they  put  water  gas  through  a  coal  gas  plant, 
putting  in  water  gas  tar  that  had  no  water  in  it,  that  the  coal 
gas  tar  would  be  an  emulsion  which  you  could  hardly  store 
unless  by  distilling  it.  I  got  out  of  touch  with  the  work  that 
was  going  on  in  Philadelphia  about  a  year  ago,  but  I  know  that 
the  thing  has  been  prosecuted  to  a  conclusion. 

Mr.  D.  W.  Flowers  (St.  Paul,  Minn.)  :  I  want  to  ask  Mr. 
Wyant  if  he  pumps  this  emulsion  through  his  seal-box  as  well 
as  through  the  scrubber,  and  if  he  pumps  through  the  scrubber 
only,  I  want  to  ask  him  where  he  gets  the  heat  to  evaporate 
his  water? 

Mr.  G.  H.  Waring  (Charleston,  S.  C.)  :  There  has  been  so 
much  already  written  about  this  subject,  but  it  seems  the  most 
interesting  part  of  this  paper  is  the  question  of  emulsion,— 
how  to  get  rid  of  the  emulsion  after  you  have  got  it.    I  can- 
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not  give  any  experience  on  this,  but  as  to  the  question  of  how 
to  make  emulsion,  I  believe  I  can  give  you  some  information. 
(Laughter.)  By  knowing  how  to  make  emulsion,  probably 
you  can  draw  conclusions  how  not  to  make  it.  If  you  want  to 
make  emulsion,  put  cold  water  in  your  wash-box,  put  cold 
water  through  the  scrubbers,  and  you  will  get  emulsion.  At 
the  present  time,  we  are  not  doing  this.  (Laughter.)  We  are 
pumping  hot  water  through  our  wash-box,  and  using  no  water 
in  our  scrubbers.  The  temperature  of  the  wash-box,  that  is, 
the  temperature  of  the  separating  system,  is  never  allowed  to 
go  below  150  degrees.  And  we  have  had  no  trouble,  as  we  have 
said,  with  emulsion,  and  we  feel  sure  that  the  whole  trouble 
in  this  emulsion  matter  is  due  to  using  cold  water  in  the  cir- 
culating system.  We  do  not  use  any  other  water  in  our  wash- 
box,  except  the  water  pumped  from  the  separators.  This 
water  merely  circulates  around,  and  will  retain  the  temper- 
ature of  150  d^^ees  in  a  climate  where  the  temperature  reaches 
as  low  as  25  below  zero,  provided  the  sq)arator  is  covered. 
Getting  rid  of  this  emulsion,  I  imagine,  could  be  done  by 
pumping  it  through  as  has  been  suggested.  I  agree  with  what 
Mr.  Miller  has  said  on  the  subject. 

Mr.  Taussig  :  I  don't  think  that  by  carrying  the  separator 
temperature  above  150  degrees,  as  Mr.  Waring  states,  will  pre- 
vent emulsion  in  all  cases,  as  I  have  made  considerable  of  it 
with  the  separator  above  that  temperature. 

Mr.  Boone  :  I  was  going  to  add  to  Mr.  Waring*s  remarks, 
that  he  might  transfer  that  system  of  putting  cold  water 
through  the  apparatus  a  little  nearer  to  the  beginning  of  the 
process,  and  put  it  through  the  generator  in  the  shape  of  too 
much  steam  to  the  fire.  He  need  then  merely  to  keep  his 
superheater  checker  brick  sufficiently  hot  and  he  will  have 
emulsion,  and  plenty  of  it.  In  other  words,  a  combination 
of  low  fire  heat  and  hot  superheater  checker  brick  heat  with 
light  tar,  will  produce  the  breakdown,  a  combination  that 
will  not  separate  easily  unless  you  give  it  the  treatment  that 
Mr.  Miller  spoke  of. 
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Mr.  Ramsburg  :  Is  it  not  possible  that  the  term  "emulsion" 
is  being  confused,  Mr.  Wyant  speaking  of  emulsion  that 
occurs  on  top  of  the  relief  holder  and  Mr.  Scott  speaking  of 
emulsion  that  occurs  in  the  separator  while  trying  to  separate 
the  tar  as  originally  made.  It  seems  to  me  what  Mr.  Norcross 
and  Mr.  Wyant  are  speaking  of,  is  the  trouble  they  got  after 
they  found  out  that  they  had  the  relief  holder  full  of  tar  and 
commenced  to  try  to  burn  it  up,  and  Mr.  Scott  is  talking  about 
merely  the  operation  in  the  separator. 

Mr.  Scott  :  We  store  our  tar  until  we  have  accumulated  a 
5oo,ocx>-gallon  tank  load.  Shipments  in  such  lots  accumulated 
over  a  period  of  about  three  months  show  not  over  0.7  per  cent, 
of  water.  Upon  examining  the  bottom  of  the  500,000-gallon 
tar  tank  after  a  shipment  in  May  last,  we  discovered  some 
emulsion,  but  only  a  very  small  quantity  of  the  total  amount  of 
tar  that  had  been  previously  stored  in  this  tank,  and  we  believe 
that  most  of  this  emulsion  was  made  while  we  were  enriching 
coke  oven  gas  and,  therefore,  running  on  high  oil  per  M. 
The  emulsipn  found  in  this  tar  tank,  upon  distillation  proved 
to  be  of  the  same  character  as  that  found  in  the  relief  holder 
in  past  years  when  we  used  that  very  undesirable  place  for 
tar  storage,  when  running  the  high  oil  per  M.  I  jotted  down 
a  few  notes  regarding  some  characteristics  of  emulsion  col- 
lected from  various  places  of  storage  in  the  past,  when  we 
were  making  emulsion  while  using  high  oil.  We  found  that 
the  lighter  oils  below  338"*  F.  ran  from  5  to  10  per  cent.,  at  a 
gravity  of  0.90  to  0.95;  middle  oils,  338 ^^  to  518°  F.  from  10 
to  20  per  cent.,  with  a  gravity  of  0.97 ;  and  anthracine  oils  above 
518°  F.  from  10  to  15  per  cent.,  having  a  gravity  of  1.030.  The 
water  content  varied  between  40  to  60  per  cent.,  and  the 
residuum  ran  between  16  to  12  per  cent. 

The  Chairman  :  Is  there  any  gentleman  who  wishes  to 
add  to  this  discussion? 

Mr.  J.  P.  Kennedy  (Cambridge,  Mass.)  :  Mr.  Scott  has 
not  told  us  what  disposal  he  made  of  the  tar  which  he  had 
stored  in  the  500,000-gallon  tanks.    And  as  to  that,  I  see  Dr. 
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sitting  over  here,  and  I  think  he  could  give  us  some 
lation  on  the  question.    It  would  be  very  useful. 

Scott:    Did  you  say  the  tar  itself,  or  emulsion? 

Kennedy:  As  regards  the  tar,  or  whatever  it  is  or 
be  in  the  500,000-gallon  tank  which  you  have  for  sale, 

object  to  saying  what  you  sell  it  for — for  what  purpose? 

Scott:  I  don't  know.  We  simply  sell  the  tar  which 
imiulate  in  500,000-gallon  lots.  I  don't  know  what  the 
isers  do  with  it. 

Kennedy  :  In  other  words,  you  sell  the  tar  and  sell  it 
^me  water  in  it? 

Scott  :  No,  I  meant  after  pumping  the  tar  out  of  the 
ik,  some  emulsion  remained.  The  amount  of  emulsion, 
er,  was  an  infinitesimal  proportion  of  the  total  amount 
that  this  tank  had  stored  before  the  bottom  was  cleaned 
emulsion.  The  emulsion  found  was  just  a  thin  layer  on 
ttom  of  the  tank,  possibly  an  inch  or  more;  we  did  not 
re  it. 

Kennedy  :  I  thank  you  for  the  answer.  I  would  ask 
ing  to  state  what  he  knows  on  this  tar  subject. 

Taussig  :  I  should  like  to  ask  Mr.  Wyapt  whether  his 
on  formed  in  his  separator.  When  I  was  making  emul- 
jme  years  ago,  it  seemed  to  form  in  the  relief  holder 
)umping  from  the  separators.  It  either  came  down  the 
tiolder,  or  got  mixed  up  in  pumping. 
J.  F.  Wing  (Everett,  Mass.) :  I  am  afraid  I  cannot 
nuch  positive  information  on  this.  It  is  all  negative.  I 
ften  been  stuck  to  know  what  to  do  to  handle  the  product 
'^e.  We  get  about  10  per  cent,  of  the  tar  from  the  settling 
tar  as  a  lean,  slimy,  sludge,  which  is  very  hard  to  handle 
ur  usual  arrangements,  because  it  settles  so  on  any  coil 
he  bottom  of  the  tank,  and  cannot  be  separated.    As  a 

of  fact,  we  dispose  of  it  by  shovels.  Some  of  it  was 
)ut  in  a  i2-in.  pipe  for  a  test  with  plenty  of  steam  coil  put 
>  allow  us  to  separate  that  sludge,  which  in  our  case  has 
40  per  cent,  of  water,  and  the  sludge  contains  about  3 
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per  cent,  of  ash  when  it  is  burned.  Now  this  ash  is  very 
finely  disseminated  through  the  tar,  and  is  apparently  the 
whole  cause  of  the  emulsion;  it  prevents  the  emulsion  from 
settling.  When  we  settle  this  with  a  sufficiently  long  and  high 
heat,  we  can  get  tar  from  this  mixture,  but  the  sludge  that  we 
get  then  is  still  worse.  That,  when  cooled,  can  be  shovelled 
with  considerable  difficulty.  I  wish  I  could  tell  you  something 
that  would  help,  but  I  can  only  speak  of  difficulties. 

The  Chairman:  Would  you  explain  the  disposal  of  the 
sludge  ? 

Dr.  Wing:  The  sludge  is  pumped  into  breeze,  that  we  are 
fortunately  able  to  get  from  a  neighbor,  and  just  mixed  with  a 
locomotive  crane  bucket  and  burned.  It  can  be  handled  quite 
successfully,  but  it  takes  nearly  all  our  boiler  capacity  to  bum 
it  off  at  a  moderate  rate  to  get  rid  of  it  without  smoke. 

Mr.  Hodges:  I  should  like  to  ask  Mr.  Ramsburg,  if  I 
understand  from  his  remarks  that  you  cannot  separate  all  the 
emulsion,  especially  holder  accumulation  ? 

Mr.  Ramsburg:  I  may  not  have  expressed  the  idea  clearly, 
but  my  point  is,  that  no  one  has  trouble  with  emulsion  until  . 
they  try  to  s^l  more  tar  than  they  make.  (Laughter  and 
Applause.)  An  analysis  of  the  tar  in  your  relief  holder  shows 
that  you  had  an  abundance  of  tar  with  2  per  cent,  water. 
Above  this,  though  you  do  not  realize  it,  is  an  emulsion  with 
75  per  cent,  water,  which  appears  like  good  tar  and  you  assume 
it  is.  A  condition  arises  which  causes  you  to  sell  the  lower 
strata  of  good  tar,  and  some  morning  you  wake  up  to  find  that 
the  only  place  you  have  any  stock  of  tar  is  on  the  books. 

I  do  not  say  that  Mr.  Hodges  cannot  separate  the  emulsion 
out  of  the  tar,  but  after  the  emulsion  has  been  pumped  into  the 
relief  holder,  then  your  troubles  begin  when  you  try  to  sell 
the  tar. 

Mr.  Hodges:  Accumulation  in  an  old  holder  recently  dis- 
mantled was  separated  by  periodically  admitting  daily  a  por- 
tion to  the  separators. 

Mr.  Norcross:     Dr.  Beardsley  has  made  some  interesting 
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iments,  and  I  think  he  has  a  memorandum  with  him.    I 
d  be  very  glad  if  we  could  have  that  read  to  go  in  the 

ENDINGS. 

.  A.  P.  Beardsley  (New  Haven,  Conn.) :  The  mixture 
I  tar  and  water,  which  we  are  in  the  habit  of  calling  an 
>ion,  is  probably  not  an  emulsion  in  the  true  sense  of  the 
,  but  a  suspension  of  tar  and  water.  A  true  emulsion 
5ts  of  two  mutually  insoluble  liquids,  held  in  permanent 
ire  through  the  agency  of  a  third  liquid  in  which  each 
e  first  two  is  soluble.  There  seems  to  be  no  such  third 
rial  present  in  this  case.  Furthermore,  given  long  periods 
ne,  the  tar  mixture  will  separate,  partially  at  least,  into 
•  and  tar  with  less  water  content.  Samples  of  a  mixture, 
ining  75-78  per  cent,  of  water,  were  drawn  from  the 
T  tank,  which  serves  as  a  water  gas  tar  storage,  on  July 
914,  and  stored  in  2-quart  cans  for  about  two  months. 
le  end  of  that  period,  it  was  found  that  approximately  a 
of  water  had  separated  above  the  tar  and  that  the  latter 
ined  55  per  cent,  of  water.  These  cans  had  stood  undis- 
d  in  a  room  of  even  temperature,  so  that  the  material  was 
ubject  to  movement  due  to  uneven  external  temperature 
tions.  The  depth  of  material  was  small,  which  would 
er  assist  separation;  yet,  only  partial  separation  took 
.  These  facts  show  the  persistency  of  the  emulsion,  and 
ite  that  no  effective  separation  by  settling  can  be  ex- 
d  where  the  emulsion  is  contained  in  a  large  tank,  subject 
)vement  by  temperature  changes,  by  pumpings  in  and  out, 
-if  the  tank  is  that  of  a  gas  holder — ^by  the  rising  and 
g  of  the  holder  lifts. 

ree  factors  suggest  themselves,  which  may  assist  in  the 
ation  of  this  emulsion. 

A.  The  amount  of  contact  or  agitation  with  water  which 

the  tar  receives. 

B.  The  nature  of  the  tar  itself. 

C.  The  amount  of  suspended  particles  in  it — dust  or 

free  carbon. 
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These  factors  will  be  considered  in  order. 

First:  To  learn  what  effect  agitation  would  have  on  a  ts 
which  ordinarily  separates  comparatively  free  from  water, 
vertical  retort  tar,  containing  4  per  cent,  of  water  and  pre 
sumably  about  6  per  cent,  of  free  carbon,  was  shaken  violentl 
in  a  shaking  machine  with  its  own  volume  of  water.  A 
emulsion  resulted  from  which  only  a  trifle  of  water  separatee 
after  several  weeks'  standing. 

In  the  case  of  water  gas  tar  emulsion,  however,  agitation  i 
at  best  a  secondary  cause.  Emulsion  is  formed  in  simple  co« 
densation  without  agitation,  as  is  shown  by  the  followin| 
experiment : 

Gas  was  taken  from  the  take-off  of  a  water  gas  set,  abov( 
the  seal  pot,  and  passed  through  a  small  condenser.  The  con 
denser  tar  after  standing  two  weeks,  was  separated  by  appear 
ance  into  clear  tar  and  emulsion.  Of  the  total  voliune  of  taj 
and  emulsion,  the  emulsion  comprised  8.37  per  cent.  The 
clear  tar  contained  0.87  per  cent,  of  water  and  the  emulsion 
35.25  per  cent.  The  tar  and  emulsion  combined  contained 
3.75  per  cent,  water.  Of  the  total  quantity  of  tar  obtained, 
calculated  free  from  water,  5.63  per  cent,  was  emulsified.  Not 
all  the  tar  in  the  gas  was  obtained  by  this  simple  condensation, 
as  the  cooled  gas  was  still  foggy.  The  temperature  of  con- 
densation was  83°  F.  It  would  be  desirable  to  know  what 
portion  of  the  tar  which  separates  out  in  the  board  scrubber 
appears  as  emulsion.  Unfortunately  this  cannot  be  determined 
at  present,  because  emulsion  is  being  circulated  through  the 
scrubbers. 

A  sample  of  the  tar  flowing  from  the  tubular  water  gas  con- 
denser was  also  allowed  to  settle  for  three  days.  It  was 
separated  by  appearance  into : 

82.7  per  cent,  clear  water. 

17.3  per  cent,  emulsion,  containing  about  50  per  cent,  of 
water. 

This  percentage  of  emulsion  of  course  does  not  indicate  that 
present  in  the  whole  tar,  but  only  in  this  portion  of  the  tar. 
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nd:  To  learn  what  effect  the  nature  of  the  tar  and 
ulsifying  liquid  might  have,  the  following  experiments 
artificial  production  of  a  tar  emulsion  were  tried.  A 
gas  tar  containing  i  per  cent,  of  water  was  used  as  a 
and  a  vigorous  shaking  by  hand  for  five  minutes  was 
n  the  following  experiments : 

ifty  parts  tar  and  50  parts  city  water,  shaken  together, 
ted  quickly  and  clearly. 

rude  naphthalene  crystals  were  mixed  with  enough 
to  form  a  mush.  Ten  parts  of  this  were  added  to  40 
:ar  and  well  mixed.  Fifty  parts  of  the  mixture  were 
with  50  parts  water.  No  separation  took  place, 
ive  parts  of  the  naphthalene  mush  were  well  shaken 
5  parts  water,  and  this  mixture  shaken  with  50  parts 
lo  separation  took  place. 

ive  parts  benzol  were  shaken  with  45  parts  water,  and 
ixture  shaken  with  50  parts  tar.     No  separation  took 

ive  parts  naphthalene  crystals  were  shaken  with  45  parts 
and  the  mixture  shaken  with  50  parts  tar.  No  separa- 
ok  place. 

ive  parts  benzol  were  mixed  with  45  parts  tar,  and  then 
I  with  50  parts  water.    A  quick,  clean  separation  took 

ive  parts  naphthalene  crystals  were  mixed  with  45  parts 
d  shaken  with  50  parts  water.  A  quick,  clean  separation 
lace. 

imarizing  these  experiments,  it  would  appear  that  small 
IS  of  benzol  or  naphthalene  if  added  to  the  tar  itself 
10  effect,  but  if  added  to  the  water  first,  result  in  the 
tion  of  emulsion.  It  may  be  that  in  the  latter  case,  the 
particles  suspended  in  the  water  serve  as  nuclei  for  the 
ion  of  globules.  We  can  imagine  that  some  such  condi- 
ay  exist  in  the  scrubbers  and  condensers  of  a  water  gas 
nd  may  partially  account  for  the  production  of  emulsion 
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In  one  of  the  above  experiments,  an  emulsion  was  formed, 
when  a  comparatively  large  amount  of  mixed  benzol  and  naph- 
thalene was  added  to  the  tar  first  and  then  shaken  with  water. 
It  seems  likely  that  in  this  case  there  was  more  naphthalene 
than  the  tar  could  dissolve,  and  that  fine  crystals  in  suspension 
served  the  same  purpose  as  nuclei. 

Third :  To  learn  the  effect  of  solid  particles  in  suspension, 
the  following  experiments  were  performed.  An  emulsion 
previously  mentioned,  which  originally  contained  75  per  cent 
of  water,  and  after  standing  two  months,  still  held  55  per  cent 
of  water,  was  the  material  used.  A  considerable  portion  of  this 
was  freed  from  water  and  from  light  oil,  by  distillation  up  to 
390°  F.  The  residue  was  diluted  with  carbon  bisulphide  and 
filtered  from  free  carbon,  after  which  the  carbon  bisulphide 
was  distilled  from  the  filtrate.  The  light  oil  obtained  in  the 
first  distillation  was  added  to  the  carbon- free  residue,  giving 
the  original  tar,  except  for  the  free  carbon.  The  amount  of 
free  carbon  originally  present  was  2.20  per  cent,  of  the  whole 
tar.  The  tar,  after  extraction,  was  found  to  contain  0.017 
per  cent,  carbon,  showing  a  practically  perfect  separation. 

With  this  carbon- free  tar,  the  preparation  of  emulsions  was 
tried.  Since  the  original  proportions  had  been  45  parts  of 
tar  to  55  parts  of  water,  these  same  proportions  were  retained. 
Agitation  was  done  on  a  shaking  machine  and  lasted  three 
hours.    The  results  follow: 

1.  Forty-five  parts  tar  and  55  parts  city  water.  This  sepa- 
rated to  40  parts  clear  tar,  12  parts  emulsion  and  48  parts  clear 
water. 

2.  Forty-five  parts  tar  and  55  parts  of  the  water  which  had 
been  distilled  from  the  original  emulsion.  This  separated  to 
40  parts  tar,  25  parts  emulsion  and  35  parts  clear  water. 

3.  Forty-five  parts  tar  and  55  parts  distilled  water.  In  this, 
the  lower  layer  was  not  well  defined.  The  mixture  separated 
to  80  parts  of  an  emulsion  apparently  rich  in  tar  at  the  bottom 
and  in  water  at  the  top,  and  20  parts  clear  water. 

4.  Forty-five  parts  tar  and  55  parts  distilled  water  with 
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h  had  been  shaken  2  parts  benzol.     This  separated  to 

t  33  parts  clear  tar,  40  parts  emulsion  and  27  parts  clear 

r. 

Forty-five  parts  tar  and  55  parts  distilled  water  with 

h  had  been  shaken  2  parts  by  weight  of  lamp  black.    Com- 

emulsification  took  place.  There  was  no  tendency  to 
rate. 

Forty-five  parts  tar  and  55  parts  city  water  with  which 
been  shaken  2  parts  by  weight  of  lampblack.  Complete 
sification  took  place.  There  was  no  tendency  to  separate, 
hy  the  city  water  should  separate  so  much  better  than  the 
led  water,  it  is  difficult  to  say,  except  that  it  naturally 

be  connected  with  the  presence  of  dissolved  salts  in  the 
water.  In  the  condensation  of  water  gas  we  are  con- 
id,  however,  with  distilled  water — ^that  is,  with  the  excess 
1  which  is  put  under  the  generator, 
general,  these  experiments  show  that  the  presence  of  even 
all  amount  of  free  carbon  is  almost  a  deciding  feature  in 
ormation  of  emulsion.    While  some  emulsion  was  formed 

all  the  mixtures  entunerated  above,  nothing  like  a  com- 

and  permanent  emulsion  was  formed  except  when  lamp 

was  used. 

e  feel  inclined  to  summarize  our  conclusions  as  follows : 
me  emulsion  will  be  unavoidably  formed  in  the  scrubbing 
x>ndensation  of  water  gas,  for  it  is  impossible  in  practice 
ack  the  oil  without  the  formation  of  some  light  oil  and 

lamp  black,  due  to  the  varying  temperatures  during  the 

Too  low  heats  allow  the  passage  of  uncracked  oil,  and 
iigh  heats  increase  the  proportion  of  lamp  black,  both  of 
1  tend  to  the  increased  formation  of  emulsion. 

J.  Wyant:  I  am  pleased  with  Mr.  Macbeth's  question, 
uld  say  that  we  have  not  observed  any  change  in  the  oil 
incies  due  to  circulating  the  emulsion  through  the  scrub- 
Regarding  the  sale  of  the  road  oil,  we  do  not  need  to  sell 
t,  because  the  density  at  which  it  is  prepared  makes  it 
22 
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thin  enough  to  penetrate  into  the  dust  of  the  roads  very  readily 
when  sold. 

In  regard  to  Mr.  Ely's  question  as  to  small  distilling  plants, 
for  road  oil,  I  would  suggest  simply  a  horizontal  cylindrical 
tank  with  steam  coils,  also  a  pipe  leading  down  into  the  tank 
from  the  outside,  which  introduces  the  steam,  which  is  blown 
into  the  tar  when  hot.  The  cylindrical  tank  or  seal  would 
require  a  take-off  which  can  be  passed  through  a  condensing 
coil.  The  condensate  could  be  then  readily  saved  and  separ- 
ated, as  it  separates  very  readily  from  the  water. 

Regarding  the  formation  of  the  emulsion,  I  think  Mr. 
Beardsley's  experiments  state  all  that  I  have  to  say.  I  be- 
lieve that  emulsion  is  always  formed  to  some  extent  in  a  water 
gas  set.  It  is  not  necessarily  due  to  the  varying  temperatures 
from  hour  to  hour  in  the  carbureter,  or  superheater,  but  it 
is  due  to  the  constant  change  in  temperature  in  these  parts  of 
the  apparatus  during  each  run.  You  cannot  maintain  any- 
thing like  a  uniform  temperature  during  a  run,  and  you  have 
on  every  run  conditions  which  tend  to  produce  the  light  oils 
and  lamp  black,  which  simply  emulsify  with  the  tar  on  con- 
densation. I  think  that  is  the  whole  story.  You  may  make 
more  or  less,  but  you  cannot  entirely  avoid  it. 

Regarding  Mr.  Fulweiler's  question  as  to  the  reduction  of 
the  water  in  single  passes  through  the  condenser,  I  have  no 
information.  We  simply  fill  up  the  receptacle  from  which 
we  circulate  the  emulsion  and  collect  the  tar,  and  keep  it  going 
until  we  effect  separation.  As  I  stated,  it  amounts  to  about 
1,000  gallons  of  the  emulsion  per  1,000,000  feet  of  gas,  and 
that  might  be  based  on  apparatus  having  1,000,000  cubic  feet 
capacity  in  24  hours. 

Mr.  Taussig  asks  the  temperature  at  which  the  gas  is  carried 
at  the  P.  and  A.  extractor.  This  temperature  ranges  between 
100  to  1 10  degrees.  During  the  series  of  tests,  we  found  con- 
siderable variation  in  the  efficiency  of  the  P.  and  A.  extractor 
in  removing  tar,  but  that  efficiency  varies  very  greatly  with 
the  relative  capacity  of  the  P.  and  A.,  and  the  quantity  of  gas 
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ig.  It  needs  to  run,  to  do  its  best  work,  at  its  full 
ity,  so  that  it  will  work  with  a  large  differential  pressure, 
5  I  stated  in  my  paper,  we  cannot  always  operate  this 
atus  under  the  best  and  most  economical  conditions, 
fore,  the  efficiency  we  found  was  an  average  of  80  per 

We  found  some  tests  above  90  per  cent. 

Taussig  also  asks  whether  there  was  any  emulsion  in 
parators,  or  water  which  flowed  from  the  relief  holder. 
•  case  all  the  emulsion  that  has  been  made  passed  through 
iparators.  There  seems  to  have  been  some  misappre- 
►n  as  to  the  large  quantity  of  emulsion  that  we  have.  I 
that  has  been  cleared  up.  It  is  not  a  question  of  the 
Ity  with  the  emulsion  we  are  now  making,  but  it  is 
fficulty  of  getting  rid  of  the  emulsion  that  we  have  been 
g  and  storing  for  the  last  10  years. 
.  R.  NoRRis  (Philadelphia)  :  I  move  a  vote  of  thanks 
•.  Wyant  for  his  very  interesting  and  most  discussion 
king  paper. 
!  motion  was  seconded  and  carried. 

POINTMENT  OF  SECTIONAL  NOMINATING 
COMMITTEE. 

t  Chairman  :  The  procedure  under  the  new  Constitu- 
^ill  require  that  the  Manufacturing  Section  proceed  to 
late  or  nominate  three  candidates,  from  whom  one  will 
£cted  by  the  Nominating  Committee  next  year  as  a  can- 
for  Vice-President,  and  one  of  the  functions  of  the 
i^resident  so  nominated  and  elected  will  be  to  preside 
the  sectional  meetings  of  the  Manufacturing  Section. 
5  there  is  objection  raised  in  this  section  meeting,  the 
will  appoint  a  committee  of  five,  and  ask  them  to  report 
norrow's  session  to  this  section,  their  selection  of  these 
names.  If  any  appointee  is  not  going  to  classify  himself 
the  Manufacturing  Section,  I  hope  that  he  will  so  in- 
the  Chair  at  once,  so  that  a  substitute  can  be  named.  In 
words,  I  assume  that  the  five  men  that  I  now  name  are 
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going  to  vote  and  act  in  the  Manufacturing  Section.     I  will 
appoint  as  this  Committee: 

W.  CuUen  Morris, 

A.  H.  Strecker, 

Rollin  Norris, 

W.  A.  Wood, 

Carroll  Miller. 
I  will  ask  for  a  report  at  to-morrow  morning's  session. 
The  next  paper  is  "Coal  Gas  Residuals — ^Feld  Process,"  by 
Mr.  F.  H.  Wagner,  of  Baltimore.     I  will  ask  Mr.  Wagner 
to  condense  to  what  extent  he  can  the  summary  of  the  paper 
so  that  we  can  have  more  time  for  discussion. 

COAL  GAS  RESIDUALS— FELD  PROCESS. 

A  hundred  years  of  development  have  passed  since  Mur- 
doch lighted  the  City  of  London  with  coal  gas,  and  these 
years  have  placed  gas  lighting  in  the  fore-front  of  industrial 
progress,  while  the  history  of  these  years  plainly  shows  how 
the  proper  utilization  of  by-products  can  revolutionize  the 
magnitude  of  an  industry.  The  early  years  of  coal  carbon- 
ization could  depend  upon  no,  or  but  very  little,  assistance 
from  by-product  sales  in  the  matter  of  cheapening  the  cost 
of  production,  and  not  until  the  aid  of  modem  chemistry  was 
called  in,  did  the  production  of  residuals  make  any  appreciable 
change  in  this  condition. 

The  recovery  of  residuals  is  a  very  important  conservation 
of  resources,  and  it  forms  one  of  the  principal  means  of 
revenue  to  the  coal  gas  producer,  the  sale  of  these  residuals 
reducing  the  cost  of  gas  production  in  a  degree  corresponding 
to  the  efficiency  of  the  recovery  methods  adopted  and  the 
market  value  of  the  product. 

The  principal  residuals  recovered  to-day  are  tar,  naphtha- 
lene, cyanogen  compounds,  ammonia,  and,  in  the  case  of  cckt 
oven  gas,  also  benzol  by  a  direct  recovery  method,  and  they 
will  be  treated  in  this  consecutive  order  in  the  foUovring 
pages;  the  recovery  of  benzol  is  confined  almost  entirely  to 
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the  coke  oven  plant,  where  a  direct  method  of  recovery  is 
adopted,  and  to  the  tar  distiller,  benzol  being  one  of  the  most 
valuable  of  tar  constituents.  While  the  recovery  of  naphtha- 
lene cannot  exactly  be  termed  one  of  profit  in  a  pecuniary 
sense  at  present,  the  removal  of  a  certain  portion  from  the 
gas  is  of  distinct  advantage,  and  the  methods  adopted  for  its 
removal  will,  therefore,  be  given. 

The  gas  produced  during  the  carbonization  of  coal  is  a  mix- 
ture of  fixed  gases,  vapors  of  various  kinds,  and,  at  times, 
also  globules  of  liquids,  which  are  held  in  suspension,  and 
are  thus  carried  forward  by  the  gas;  these  gases  and  vapors 
also  carry  forward  some  solid  carbon  in  the  shape  of  dust. 

The  principal  fixed  gases  are  hydrogen,  Hj;  methane,  CH^, 
also  known  as  "marsh"  gas;  ethane,  CjHe;  propane,  CgHg; 
butane,  C^H^o;  ethylene,  CjH^;  small  amounts  of  butylene, 
C4H3 ;  propylene,  CgHg ;  acetylene,  CjH^;  carbon  dioxide,  CO2; 
carbon  monoxide,  CO ;  hydrogen  sulphide,  HjS ;  nitrogen,  N ; 
oxygen,  O ;  and  ammonia,  NHj ;  while  the  principal  vapors  in 
the  mixture  are  benzol,  C^H^;  toluol,  CeHgCHj;  xylol,  C0H4 
(CHj)  carbon  disulphide,  CS2;  and  aqueous  vapors.  These 
latter  vapors  all  pertain  to  substances  which  become  liquid  at 
ordinary  temperatures,  but  the  vapors  of  naphthalene,  CjoHg, 
phenols,  etc.,  pertain  to  substances  which  become  solid  at  or- 
dinary temperatures,  and  must,  therefore,  be  subjected  to  a 
special  treatment. 

As  will  be  seen  later,  some  of  these  constituents  are  of  in- 
estimable value  to  the  coal  gas  producer,  and  consequently 
the  treatment  of  the  gas  after  it  is  produced  in  the  carbon- 
izing plant,  is  of  great  importance ;  this  treatment  should  not 
only  consist  of  a  method  of  cooling  the  gas,  and  thus  condens- 
ing and  precipitating  the  vapors  as  a  fluid,  but  the  method  of 
treatment  should  be  such  as  to  retain  in  the  gas  those  valuable 
illimiinating  constituents  which  may  be  lost  to  a  greater  or 
lesser  extent  in  the  usual  condensing  plant. 

The  Feld  system  of  condensation  and  purification  of  coal 
gas,  which  embraces  successive  cooling  with  a  fractionation 
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of  the  products,  appears  most  attractive  from  the  standpoin 


of  efficiency  and  simplicity. 
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The  usual  condensing  system  in  coal  gas  practice  embraces 
the  use  of  a  primary  condenser,  exhauster,  tar  extractor, 
secondary  condenser,  and  ammonia  washer;  the  tar,  together 
with  quite  an  amount  of  illuminants,  being  thus  removed  in  a 
greater  measure  by  cooling,  while  in  the  Feld  system,  the 
gas  is  not  cooled  below  a  point  where  any  volatile  hydrocar- 
bons are  precipitated  or  absorbed  by  the  eflSuent,  the  tar  being 
fractionated  in  three  washers  into  pitch,  heavy  oils,  and  middle 
or  light  oils,  and  the  gas  is  treated  for  cyanogen  compounds, 
combined  hydrogen  sulphide  and  ammonia,  naphthalene,  and 
finally  benzol,  the  entire  process  being  carried  out  in  Feld 
vertical  centrifugal  washers,  as  shown  in  Fig.  i. 

As  will  be  seen  from  Fig.  i,  the  entire  condensing  plant 
consists  of  eleven  washers,  the  first,  or  pitch  washer  operating 
at  a  temperature  of  from  320®  to  392  "*  P.,  the  gas  being  kept 
at  this  temperature  from  the  hydraulic  main  by  insulating  both 
the  main  and  the  pipe  connections,  or  by  the  application  of 
external  heat,  heavy  oils  from  washer  (2)  being  pumped  into 
washer  ( i )  where  they  are  used  as  the  active  pitch  extractirfg 
medium. 

Washer  (2)  removes  the  heavy  oils,  and  it  is  operated  at 
a  temperature  of  from  320"*  to  176®  F.,  all  operating  tempera- 
tures being  determined  from  the  actual  dew-point  of  the  gas 
for  the  constituent  to  be  removed,  the  extracting  medium  be- 
ing the  middle  oils  from  washer  (3). 

Washer  (3)  removes  the  middle  oils,  due  to  contact  between 
the  gas  and  the  oils  separated  by  cooling  in  washer  (4),  this 
cooling  being  effected  by  bringing  the  gas  into  intimate  con- 
tact with  water,  the  eflBuent  from  washer  (4)  being  run  into 
a  separating  tank  where  the  oil  is  separated  from  the  water  by 
specific  gravity. 

The  light  oils  are  removed  in  washer  (5),  where  the  gases 
are  washed  by  means  of  heavy  oils  which  are  previously 
cooled  in  a  special  cooler,  these  oils  from  (5)  being  run  into 
a  reservoir  from  whence  they  are  pumped  into  the  first  benzol 
washer. 
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The  washers  for  ammonia  and  hydrogen  sulphide  operate 
under  a  temperature  of  from  104°  to  97°  F.,  the  hydrogen 
sulphide  being  combined  with  the  ammonia  in  these  washers 
with  the  consequent  formation  of  ammonium  sulphate,  while 
the  cyanogen  washer  operates  at  about  97°  to  93°  F. 

The  naphthalene  is  removed  in  washer  (9)  at  a  tempera- 
ture of  about  65°  F.,  while  washers  (10)  and  (11)  serve  to 
extract  the  benzol  and  its  hcmiologues,  the  partially  saturated 
oil  coming  from  washer  (10)  being  pumped  into  washer  (11). 

When  this  paper  was  contemplated,  it  was  the  desire  of  the 
author  to  treat  each  residual  in  a  more  exhaustive  manner, 
but  owing  to  the  large  amount  of  data  prepared,  the  contents 
passed  beyond  the  bounds  of  a  paper  of  this  character,  and 
consequently  it  became  possible  to  herewith  present  only  the 
more  essential  features  of  residual  recovery  and  the  possible 
profits  which  might  accrue  due  to  the  adoption  of  modem 
methods  of  operation. 

Tar. 

Tar  is  a  thick,  dark  brown,  viscid,  oily  liquid,  produced 
during  the  dry  distillation  of  coal ;  its  chemical  nature  is  very 
complex,  and  it  contains  a  large  ntunber  of  compounds.  The 
crude  gas  leaving  the  retorts  is  a  mixture  of  permanent  gases, 
but  this  mixture  carries  with  it  quite  a  number  of  hydro- 
carbon and  other  vapors,  and  as  the  illtuninating,  as  well  as 
the  calorific,  quality  of  coal  gas  is,  in  a  great  measure,  de- 
pendent upon  its  hydrocarbon  constituents,  it  is  of  prime  im- 
portance to  so  treat  the  gas  as  to  retain  as  many  of  these 
hydrocarbons  as  is  possible.  A  reduction  in  temperature, 
however,  soon  reduces  the  hydrocarbons  of  greater  density 
to  liquid  form,  and  this  liquid  is  usually  termed  "tar."  In 
spite  of  the  fact  that  the  gas  temperature  at  the  hydraulic 
main  outlet  is  perhaps  never  lower  than  145**  F.,  large  quan- 
tities of  tar  are  deposited  at  this  point,  and  it  is,  therefore, 
almost  impossible  to  retain  the  hydrocarbons  of  this  class  in 
the  gas  with  the  usual  method  of  condensation. 

Both  the  nature  of  the  coal  used  and  the  temperature  of 
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carbonization  exercise  a  great  influence  upon  the  quantity,  as 
well  as  upon  the  quality  of  the  tar  produced,  thus  both  quan- 
tity and  quality  regulating  the  amount  of  revenue  received, 
and  in  this  manner,  governing,  to  a  great  extent,  the  final  cost 
of  gas  production. 

In  the  usual  systems  as  applied  at  present,  the  removal,  or 
the  precipitation  of  tar,  is  accomplished  by  condensation  or 
cooling;  quite  an  amount  of  condensation  occurs  between  the 
retort  and  the  hydraulic  main,  a  further  amount  of  tar  being 
deposited  in  the  hydraulic  main  proper,  after  which  the  gas  is 
conducted  to  the  condensers  where  gradual  cooling  further 
reduces  the  tar  content.  After  leaving  the  condensers,  the 
gas  still  contains  quite  a  number  of  tar  globules  in  suspension, 
it  being  possible  to  remove  only  these  last  traces  of  tar  by 
means  of  friction. 

In  the  Feld  system,  a  different  method  is  employed  as  the 
heat  contained  in  the  gas  is  utilized  by  a  system  of  fractional 
coolings  to  separate,  or  wash  out  of  the  gas,  tar  in  several  of 
its  principal  constituents.  This  treatment  may  also  be  varied 
in  such  manner  as  to  prevent  the  formation  of  tar  as  much 
as  possible  by  maintaining  the  heat  of  the  gas  coming  from 
the  retorts  at  a  temperature  above  the  dew-pomt  of  the  gas 
for  the  constituents  of  high  boiling  points.  This  may  be  done 
by  covering  the  connections  from  the  retorts  to  the  first 
washer  with  insulating  material,  or  by  applying  heat  to  the  ex- 
terior of  the  pipes.  The  gas  thus  protected  is  led  to  the 
washers  where  it  is  subjected  to  fractional  cooling  and  suc- 
cessive washings  at  successively  lower  temperatures,  so  that 
the  various  tar  constituents  are  separated  from  each  other  by 
employing  the  temperature  of  the  gas  itself,  and  without  the 
necessity  of  emplo)ring  extraneous  heat  after  previous  cooling. 
A  Feld  washer  especially  arranged  for  hot  tar  washing  is 
shown  in  Fig.  2,  and  in  order  that  aqueous  condensation  may 
be  avoided  in  the  washer  by  reducing  the  temperature  of  the 
gas  to  the  dew-point  for  water,  the  washing  tar  should  be 
heated  to  from  40**  to  60*^  F.  above  the  temperature  of  the 
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gas  at  the  inlet  to  the  washer,  this  hot  tar  being  the  active  tai 
extracting  medium. 

Referring  to  Fig.  2,  which  shows  a  portion  of   a  Feld 
washer  with  superimposed  Pelouze  condenser, 
A  =  Pelouze  Condenser. 
B  =  Gas  port  in  washing  chamber. 
C  =  Upper  washing  chamber. 
D  =  Lower  washing  chamber. 
E  =  Gas  inlet. 

k  =  Basin,  or  tank  containing  wash  tar. 
r  =  Radiator,  or  steam  coil. 
/  =  Rotary  tar  ptmip. 
m  =  Preheater  for  wash  tar. 

s  =  Insulated  connection  from  tank  (fe)  to  pump  (/) 
In  order  to  keep  the  wash  tar  at  the  desired  temperature 
the  steam  pipe  from  (#n)  is  located  beneath  the  pipe  (s). 

The  hot  wash  tar  is  pimiped  from  tank  (k)  through  th< 
insulated  connection  (s)  and  preheater  (m)  to  the  Pelouz< 
condenser  (A)  through  the  overflow  pot  (n) ;  any  surplui 
tar  overflows  at  (O)  and  (p)  and  returns  to  tank  (fe). 

The  tar  overflows  from  the  Pelouze  through  (b)  and  (d) 
(e)  and  (g)  into  the  upper  chamber  (C)  of  the  washer 
where  it  is  picked  up  by  the  washing  cones  within  the  Cham 
ber  and  spread  out  over  the  entire  gas  space,  the  depth  oi 
the  spray  being  from  8  in.  to  14  in.,  depending  upon  the  sizi 
of  the  washer.  The  gas  is  thus  brought  into  intimate  contac 
with  the  hot  wash  tar,  and  is  subjected  to  a  thorough  washing 
the  wash  tar  as  well  as  the  tar  expelled  from  the  gas,  over 
flowing  through  the  gas  port  to  the  next  lower  washing  cham 
ber;  here  the  wash  tar  is  again  placed  in  circulation  by  th< 
cones  in  this  chamber,  and  the  total  combined  tar  finally  leave 
the  washer  through  the  pot  (i)  attached  to  the  gas  inlet  con- 
nection, and  by  means  of  overflow  (A)  enters  tank  (ft),  al 
surplus  tar  from  this  tank  flowing  off  to  the  tar  storage. 

In  order  that  the  maximimi  results  may  be  secured,  the 
wash  tar  should  be  constantly  circulated  through  the  washer, 
but  it  is  not  always  necessary  to  circulate  it  through  the 
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ize  condenser,  this  omission  being  dependent  upon  the 
tion  of  the  tar  in  the  gas.  The  amount  of  hot  tar  to  be 
lated  through  the  washer  may  vary  from  0.5  to  2.5  gai- 
ner 1,000  cubic  meters  of  gas  per  hour;  larger  volumes  of 
equire  proportionally  less  circulating  tar  than  do  smaller 
nes,  but  the  amount  of  washing  tar  circulated  must  be  so 
ated  as  to  prevent  the  temperature  of  the  gas  reducing 
emperature  of  the  wash  tar. 

le  circulating  wash  tar  should  be  pumped  through  the 
iater  (m)  before  it  enters  the  washer,  this  preheater 
^  supplied  with  a  steam  coil,  and  in  some  cases  it  may 
icessary  to  insulate  the  tank  containing  the  wash  tar,  de- 
ing  upon  its  location,  and  even  the  washer  proper  with 
:  insulating  material,  in  order  to  increase  the  efficiency, 
any  of  these  washers  are  set  up  in  the  open  in  Europe, 
^  thus  exposed  to  the  weather. 

le  tank  containing  the  wash  tar  is  also  provided  with  a 
1  coil,  or  radiator,  made  in  one  piece  in  order  to  prevent 
»  and  thus  mix  water  with  the  tar.  Care  must  be  exer- 
in  operation  to  the  extent  of  preventing  the  deposit  of 
tar  in  the  Pelouze  condenser,  and  if  the  washer  should 
opped  for  any  reason,  it  must  be  emptied  of  tar  at  once 
rder  to  avoid  cooling  the  tar  and  thus  clogging  up  the 
iges. 

ble  I  gives  the  results  secured  in  washing  with  hot  tar, 
vasher  being  supplied  with  a  Pelouze  condenser  in  the 
nstance,  but  not  in  the  other. 

TABLE  I.— Feld  Hot  Tar  Washing. 

Washer  without  Pelouze  Condenser. 

Lempera-  Tar  content  in  Fffici- 

ire  at               grains  per  cti.  ft.                                       cncy  Gas  passed 

ilet  to  * • >  Grains              per  per  24  hrs. 

asher            Inlet              Outlet  removed           cent.  cubic  feet. 

JI®  F.  II.512  0.2930  II. 219  97.46  2,463,000 

fj°  F.  10.386  0.2160  10.170  97.92  2,453,832 

J9o  F.  10.818  0.2930  10.525  97.29  2,341,800 

S9®  F.  13.518  0.4170  13.101  96.92  2,397,000 

^6°  F.  9.907  0.5250  9.382  94.70  2,400,000 

Washer  with  Pelouze  Condenser. 
[o^  F.         10.050  0.0436  10.0064        99.56  2,600,000 

}^°  F.         13.100  0.0872  13.0128        99.34  2,600,000 
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The  Feld  process  of  tar  washing  was  installed  in  a  works 
in  Bohemia  in  1907,  and  the  tar  was  fractionated  into  pitch, 
heavy  oil,  and  light  oil,  with  the  result  that  the  tar  produced 
by  the  old  method  of  condensation  sold  for  $5.00  per  ton, 
while  with  the  use  of  the  Feld  system  producing  the  oils  direct 
from  the  gas,  the  equivalent  of  this  ton  of  tar  sold  for  $16.00, 
Naphthalene. 

Naphthalene  (CioHg)  is  a  hydrocarbon  and  has  a  melting 
point  of  174°  F.,  a  boiling  point  of  424°  F.,  and  it  sublimes 
at  lower  temperatures.  The  deposition  of  naphthalene  in  a 
solid  state  in  the  mains  or  apparatus  causes  many  operating 
difficulties,  as  it  decreases  the  cross-sectional  area  of  the  gas 
conduits  and  thus  produces  quite  some  back  pressure  on  the 
w^orks. 

The  presence  of  naphthalene  in  the  gas  is  probably  due  to 
the  high  heats  employed  in  present  day  carbonization,  and  it  is 
presumed  that  these  high  heats  cause  a  partial  distillation  of 
the  tar  with  the  consequent  formation  of  naphthalene. 

The  greater  portion  of  the  naphthalene  produced  especially 
with  high  distillation  or  carbonization  temperatures,  goes  over 
into  the  tar,  the  gas  containing  only  a  portion  of  the  naphtha- 
lene vapor,  its  maximum  content  being  dependent  upon  satu- 
ration at  various  temperatures,  but  outside  of  the  temperature 
of  carbonization  the  amount  of  naphthalene  present  in  the  gas 
is  also  due  to  the  character  of  the  coal  used,  and  upon  the 
time  of  contact  between  the  gas  and  hot  coke  and  hot  retort 
walls. 

The  amount  of  naphthalene  required  to  saturate  a  gas  varies 
according  to  different  investigators,  none  of  them  agreeing 
with  each  other. 

In  order  to  avoid  stoppages  in  the  pipe  connections  due  to 
sublimation,  it  would  be  necessary  to  cool  the  gas  as  nearly  as 
possible  to  a  temperature  corresponding  to  that  of  the  gas 
in  the  buried  mains,  but  as  it  is  almost  impossible  to  do  this 
during  cold  weather,  it  becomes  necessary  to  remove  the  naph- 
thalene from  the  gas  by  means  of  a  suitable  extracting  medium. 
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est  solvents  for  this  purpose  are  anthracene  oil,  creosote 
d  water  gas  tar;  the  tar  from  vertical  retorts  has  also 
ised  for  this  purpose,  but  this  tar  must  first  be  subjected 
iplete  cooling. 

11  of  the  naphthalene  should  be  removed  from  the  gas, 
tter  would  suffer  considerably  in  candle-power,  and  no 
should  be  expelled  than  what  would  produce  sublimation 
onsequent  stoppages. 

ler  ordinary  conditions,  lOO  grains  of  anthracene  oil 
)sorb  from  lo  to  25  grains  of  naphthalene,  according  to 
rature,  but  before  using  this  oil  from  3  to  4  per  cent,  of 
should  be  added,  this  addition  leading  to  greater  extrac- 
ificiency,  this  efficiency  being  further  increased  by  thor- 
r  and  slowly  cooling  the  gas,  as  the  absorption  is  most 
ete  at  a  temperature  of  from  60°  to  70®  F. 
:  per  cent,  of  creosote  oil  will,  under  ordinary  conditions, 
I  one  per  cent,  of  naphthalene,  by  weight,  but  this  ab- 
m  is  dependent  upon  the  amount  of  phenols  present, 
ter  gas  tar  will  absorb  from  18  to  20  per  cent,  of  its  own 
t  in  naphthalene,  this  absorption  efficiency  also  being 
lent  upon  the  amoimt  of  phenols  present. 

^ater  gas  tar,  or  if  water  gas  oil,  is  used  as  the  absorbing 
m,  it  can  be  run  back  to  storage  bearing  its  naphthalene 
1,  as  the  latter  is  not  detrimental  to  the  further  use  of 
r  or  oil,  but  if  anthracene  or  creosote  oil  is  used  this 
n  be  regenerated  for  further  use  by  being  distilled  and 
ised,  the  naphthalene  crystals  being  thus  caused  to  crys- 
out. 

attempt  has  lately  been  made  to  use  naphthalene  as 
I  internal  combustion  engines,  and  some  success  has  been 
ith  in  this  direction ;  the  present  drawback  seems  to  be 
:t  that  it  is  necessary  to  start  the  engine  with  gas  or  some 
fuel,  and  to  so  operate  it  until  the  heat  generated  by  the 
;  is  sufficient  to  melt  the  naphthalene,  after  which  the 
is  fed  to  the  engine,  vaporized,  and  exploded.     Complete 
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success  in  this  direction  would  soon  open  up  another  source  of 
revenue  to  the  producer  of  coal  gas. 

It  may  be  interesting  to  state  that  a  locomotive  operating  on 
naphthalene  has  recently  been  constructed  in  France;  this 
locomotive  is  provided  with  four  cylinders,  each  two  cast 
en-bloc,  5.5  inches  bore  by  8  inches  stroke,  70  horse-power 
being  developed  at  950  revolutions  per  minute.  This  machine 
is  provided  with  two  carburetors,  one  used  on  starting  with 
spirit,  and  the  other  for  the  naphthalene.  The  carburetor  used 
in  connection  with  the  naphthalene  is  cast  en-bloc  with  the 
reservoir  in  which  the  naphthalene  is  melted,  double  walls  for 
the  circulation  of  cooling  water  being  provided,  the  tempera- 
ture of  this  water  being  maintained  at  212°  F.,  thus  maintain- 
ing a  constant  melting  temperature. 

Cyanogen. 

Cyanogen  (CjNa)  is  a  gas  composed  of  carbon  and  nitrogen, 
and  it  is  probably  produced  during  the  period  of  carbonization 
in  the  form  of  hydrocyanic  acid  by  the  decomposition  of  some 
of  the  ammonia  due  to  contact  with  the  hot  coke  in  the  retort, 
as  per  the  equation, 

C  +  NH3  =  HCN  +  H2, 
and  the  amount  of  cyanogen  produced  by  the  carbonization 
of  any  particular  coal  bears  a  certain  relation  to  the  amount  of 
nitrogen  contained  in  the  coal. 

The  removal  of  cyanogen  from  coal  gas  is  of  decided  ad- 
vantage for  two  reasons,  ist,  Owing  to  its  corrosive  effect  on 
works  apparatus,  2nd,  Because  it  is  a  valuable  by-product 
under  certain  conditions,  also  if  cyanogen  is  permitted  to  pass 
on  into  the  purifiers,  it  will  be  found  to  enter  into  combination 
with  the  iron  in  the  purifying  material,  thus  rendering  a  cer- 
tain portion  of  this  iron  inactive  for  hydrogen  sulphide  ex- 
tracton ;  on  the  other  hand,  the  sale  of  spent  oxide  containing 
a  high  percentage  of  cyanogen  is  more  remunerative  than  if 
it  contained  only  sulphur,  as  this  oxide  is  often  purchased  on 
the  basis  of  its  "prussian  blue"  contents  only,  "prussian  blue" 
being  the  name  applied  to  this  cyanogen  combination. 
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e  revenue  to  be  derived  from  the  extraction  of  cyanogen 
coal  gas  is  dependent  upon  the  amotmt  of  coal  carbon- 
ind  upon  the  market  price  of  the  product,  the  latter  fluct- 
l  constantly ;  it  is  certainly  not  a  remunerative  proposi- 
or  works  carbonizing  less  than  250  tons  of  coal  per  day, 
I  same  labor  expended  on  a  plant  of  this  size,  can  readily 
e  the  proposition  in  one  of  double  the  capacity. 
t  estimated  revenue  in  a  plant  carbonizing  250  tons  of 
It  one  works,  and  750  tons  at  another,  the  sludge  from 
being  worked  up  in  one  plant,  after  deducting  operating 
ises  and  6  per  cent,  interest  and  6  per  cent,  for  deprecia- 
amoimts  to  $27935.00  per  year,  and  this,  without  the 
onal  revenue,  to  be  derived  by. the  production  of  am- 
im  sulphate  from  the  cyanogen  press  liquor,  this  liquor 

sold  on  the  basis  of  concentrated  ammonia.  Besides 
svenue,  the  extraction  of  cyanogen  in  this  case  shows  an 
■  22  per  cent,  in  the  action  of  the  purifiers,  or  the  life  of 
cide  is  increased  by  22  per  cent. 

I  two  systems  of  cyanogen  recovery  which  have  met  with 
lost  pronounced  success,  is  that  of  Bueb  and  the  one 
:d  by  Feld,  the  former  making  an  insoluble  f erro-cyanide 
ind  the  latter  a  soluble  cyanide  sludge. 

a  description  covering  the  extraction  of  cyanogen  by 
ueb  process,  attention  is  called  to  the  paper  read  by  Mr. 

Mueller  during  the  1910  meeting  of  the  Institute,  and 
appeared  in  the  Proceedings  of  that  year. 
I  Feld  process  of  cyanogen  extraction  differs  from  that 
eb  in  that  it  is  applied  after  the  ammonia  has  been  re- 
1  from  the  gas,  this  alkali  being  replaced  with  milk  of 
n  the  copperas  washing  meditun.  The  combined  solu- 
f  lime  and  copperas  is  run  into  the  Feld  vertical  washer, 
isultant  sludge  coming  from  the  bottom  of  the  washer 
boiled  and  then  filter-pressed,  the  product  coming  from 
ter  press  being  calcium  ferro-cyanide. 
:  product  coming  from  either  the  Bueb  or  Feld  plant,  is 
y  worked  up  into  potassium  ferro-cyanide,  and  in  this 
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case  the  working  up  of  the  sludge  produced  by  the  But 
system  requires  additional  apparatus  for  the  removal  ar 
concentration  of  the  ammonia  carried  in  the  sludge,  while  tl 
working  up  of  Feld  sludge  obviates  the  necessity  of  this  an 
monia  apparatus,  as  the  Feld  system  embraces  the  removal  < 
cyanogen  from  the  gas  after  the  ammonia  has  been  extracte 

Ammonia. 

Ammonia  is  a  product  derived  from  the  destructive  disti 
lation  of  coal,  and  it  results  from  the  union  of  nitrogen  wit 
hydrogen,  or  N  +  H,  =  NH,;  besides  being  an  importai 
source  of  revenue,  the  removal  of  ammonia  from  gas  is  nece 
sary  on  account  of  its  destructive  influence  on  the  brass  an 
copper  work  of  meters  and  gas  fittings;  when  burned  wit 
gas  it  gives  off  noxious  fumes  of  oxides  of  nitrogen. 

The  usual  method  employed  for  the  removal  of  ammoni 
depends  upon  its  solubility  in  water,  and  at  ordinary  ten 
peratures  water  can  absorb  about  708  times  its  volume  c 
ammonia  gas,  the  absorption  increasing  with  a  decrease  i 
water  temperature,  or 

F.  will  absorb  1,050  volumes  of  NH, 
813 


One  volume  of  water  at    32* 
50^ 


F. 

59°  F. 

68«  F. 

77°  F. 

183°  F. 


727 
654 
586 
180 


providing  the  pressure  of  the  ammonia  gas  is  equal  to  that  0 
the  atmosphere,  and  if  the  gas  carries  no  tar  burden. 

The  usual  gas  works  method  of  operation,  as  practiced  ii 
America,  removes  the  ammonia  by  condensation  and  washing 
the  first  portion  of  the  ammonia  being  removed  in  the  hy 
drauHc  main  due  to  the  condensation  of  water  vapors,  whicl 
thus  absorb  ammonia.  Cooling  the  gas  in  the  condensers  als< 
causes  the  deposition  of  quite  an  amount  of  water  which  ii 
turn  absorbs  more  ammonia,  the  final  ammonia  being  removcc 
in  the  scrubbers  or  mechanical  washers,  using  as  little  was! 
water  as  is  consistent  with  the  result  desired,  vie,:  stronf 
liquor. 
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Raw  ammonia  liquor  from  the  plant  usually  contains  from 
I  to  2  per  cent,  of  ammonia,  and  due  to  the  cost  of  trans- 
portation, it  would  not,  in  most  cases,  be  economical  to  sell 
this  liquor  in  its  diluted  state;  the  raw  liquor  is,  therefore, 
usually  worked  up  for  one  of  the  following  anmionia  prod- 
ucts : 

1.  Concentrated  liquor. 

2.  Aqua  ammonia, 

3.  Sulphate  of  ammonia; 

but  the  product  to  be  recommended  for  any  particular  gas 
works  must  necessarily  depend  upon  local  market  conditions. 
Concentrated  ammonia  is  a  product  in  which  the  raw 
liquor  has  been  freed  of  a  large  portion  of  water,  and  it  is 
used  for  producing  other  anmionia  products. 

Aqua  ammonia  is  a  solution  of  ammonia  in  distilled  water, 
a  great  deal  of  it,  in  a  dilute  solution,  being  used  for  cleans- 
ing purposes. 

Ammonium  sulphate  is  produced  by  distilling  the  liquor, 
and  absorbing  in  sulphuric  acid;  by  passing  the  gas  through 
an  acid  bath,  thus  absorbing  the  ammonia,  or  by  combining 
the  ammonia  in  the  gas  directly  with  the  sulphur  radical,  dis- 
carding sulphuric  acid. 

The  working  up  of  the  liquor  is  usually  effected  in  contin- 
uous stills.  Fig.  3,  operating  with  a  supply  of  live  steam,  and 
as  the  principle  of  design  and  operation  is  practically  the 
same  in  the  usual  stills  on  the  market,  only  one  method  will 
be  described,  the  others  differing  only  in  detail,  and  not  in 
principle. 

The  still  usually  consists  of  a  series  of  superimposed  sec- 
tions, one  mounted  upon  the  other,  constructed  of  cast  iron, 
each  section  being  provided  with  a  steam  passage  in  the  bottom, 
covered  with  a  hood  or  bell,  and  an  internal  overflow  fo^ 
liquor.  These  sections  should  be  liberally  provided  with 
cleaning  holes,  by  means  of  which  access  can  be  had  to  every 
part  of  the  interior,  so  that  the  apparatus  can  be  thoroughly 
cleaned  without  dismantling  it.  The  liquor  having  been  prev- 
23 
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iously  heated,  enters  at  the  top  of  the  still  and  flows  froa 
section  to  section  in  a  direction  opposite  to  that  of  the  steam 


Steam  &NM3Vbpor 


Ume  M/lk. 


AnTncfwa  Liquor 


Sltocim 


^^^^^^^^^^^^^^^^^^^^k^^^^^^^^^m^^     f  Thvtostefil 


Fig.  3. — Ammonia  still. 

which  enters  at  the  bottom,  passes  up  through  the  steam  pas- 
sages, and  is  caused  to  pass  through  the  liquor  by  means  of 
the  hoods  or  bells. 

The  crude  liquor  is  thus  gradually  brought  to  the  boiling 
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the  free  ammonia  and  other  gases  mixing  with  the 
in  the  upper  portion  of  the  apparatus.  The  milk  of 
introduced  in  small  quantities  into  the  lower,  or  liming 
,  the  hoods  of  these  sections  having  a  somewhat  deeper 
an  the  others,  in  order  to  permit  of  more  efficient  mix- 
lime  and  liquor.  A  final  boiling  of  the  liquor  in  the 
sections  completely  liberates  all  of  the  fixed  ammonia, 
le  stills  should  be  so  operated  that  the  waste  liquors 
^  the  bottom,  should  not  contain  more  than  0.005  per 
»f  anmionia. 

mcentrated  liquor  is  to  be  produced,  the  vapors  coming 
he  still  are  washed  in  a  lime  washer  in  order  to  prevent 
rmation  of  carbonate  of  anmionium,  after  which  the 
are  condensed  and  run  into  storage, 
earning  capacity  of  a  concentrating  plant  operating  in 
ction  with  a  plant  carbonizing  300  tons  of  coal  per  day, 
be,  with  ammonia  at  eight  cents  per  pound,  about 
J.00  per  year,  or — 

^5,000  lbs.  of  ammonia  at  8  cents $30,000.00 

Labor    $1,830.00 

Materials   1,(^.00 

Miscellaneous    460.00 

Total  operating  cost,  less  interest 

and  depreciation  4,212.00 

Profit  per  year $25,788.00 

le  weak  liquor,  as  produced  in  the  works,  can  be  sold 
[,  and  if  the  ammonia  in  this  liquor,  based  on  the  above 
of  concentrate,  is  worth  6  cents  a  pound,  the  yearly 
evenue  for  this  ammonia  would  be  $22,500.00,  but  from 
)uld  have  to  be  deducted  the  added  freight  due  to  ship- 
larger  bulk,  if  the  ammonia  liquor  is  to  be  transported 
:rom  the  works,  as  well  as  pumping  charges.  In  order 
ce  the  sale  of  weak  liquor  a  profitable  undertaking  as 
■ed  with  concentrate,  it  would  be  necessary  that  an  am- 
works,  which  would  take  the  entire  output  of  liquor,  be 
>hed  in  very  close  proximity  to  the  gas  works. 
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If  aqua  ammonia  is  to  be  produced,  the  vapors  from  the  still 
are  sent  into  lime  washers,  coolers,  charcoal  filters,  oil  washers, 
caustic  soda  washer,  and  finally  into  the  absorbers. 

The  earning  capacity  of  an  aqua  plant  of  the  same  size  as 
that  quoted  above,  should  be  about  $32,546.00  per  year,  or— 

638  tons  of  26**  Be.  aqua  at  $102.00 $65,076.00 

Labor    $  3*630.00 

Materials   7,610.00 

Miscellaneous    21,290.00 

Total  operating  cost,  less  interest 

and  depreciation  32,53aoo 

Profit  per  year  $32,546.00 

If  sulphate  is  to  be  made  from  the  ammonia  vapors,  these 
vapors  are  sent  into  the  saturators  containing  sulphuric  acid, 
where  the  ammonia  and  the  acid  combine  to  form  sulphate,  and 
the  earning  capacity  of  such  a  plant  of  the  same  size  as  those 
quoted  above,  should  be  about  $30,809.00  per  year,  or — 

y2^  tons  of  sulphate  at  $60.00 $43,620.00 

Labor    $  1,830.00 

Material    10,221.00 

Miscellaneous   760.00 

Total  operating  cost,  less  interest 

and  depreciation    $12,811.00 

Profit  per  year $30,809.00 

The  net  earnings  of  these  three  plants  is  based  on  250  maxi- 
mum working  days. 

During  the  last  fifteen  years,  the  attention  of  investigators 
has  been  turned  towards  an  endeavor  to  simplify  the  methods 
used  to  produce  ammonium  sulphate  from  the  product  due  to 
coal  distillation,  and  instead  of  treating  the  gas  liquor  itself, 
as  in  the  old  or  indirect  system  just  described,  the  endeavor 
has  been  to  pass  the  gas  directly  into  and  through  the  saturator, 
which  is  a  closed  one  in  this  case ;  this  method  of  procedure  has 
been  termed  the  "direct  process"  and,  as  the  name  indicates,  it 
is  a   reversal  of  the  old  method.     Other  investigators  have 
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proceeded  along  somewhat  different  lines,  and  while  passing 
the  gas  through  the  closed  saturator,  they,  at  the  same  time, 
vaporize  the  ammonia  produced  by  previous  condensation  and 
then  pass  these  vapors  into  the  saturator  in  conjunction  with 
the  gas,  this  latter  development  being  known  as  the  "semi- 
direct"  process. 

The  Feld  system  is  even  more  truly  a  "direct  process"  than 
any  of  the  methods  mentioned  above,  as  saturators  containing 
sulphuric  acid  are  not  used ;  and  when  it  is  remembered  that  the 
production  of  one  ton  of  sulphate  requires  approximately  one 
ton  of  acid,  the  importance  of  this  advanced  step  can  be  real- 
ized, Feld  combining  the  sulphur  in  the  gas  with  the  ammonia 
thus  producing  anmionium  sulphate  by  his  polythionate  proc- 
ess, no  other  oxydizing  agent,  except  atmospheric  oxygen, 
being  required,  and  the  latter  is  used  only  in  the  sulphur  stove 
where  the  sulphur  is  burned  to  form  sulphur  dioxide,  this 
sulphur  stove  thus  displacing  the  sulphuric  acid  factory  which 
has  hitherto  been  a  necessity. 

The  method  of  operation  can  best  be  understood  by  follow- 
ing the  diagram,  Fig.  4.  The  plant  is  started  by  filling  the  two 
regenerator  tanks  (B)  and  (C)  as  well  as  the  wash  liquor 
tank  (D)  with  weak  ammonia  liquor  from  the  works  or  with 
fresh  water,  this  liquor  or  water  being  then  pumped  into  the 
supply  tank  (U),  from  whence  it  flows  into  the  top  of  the 
washer  (A).  Ammonia  extraction  immediately  follows,  and 
the  liquor  flows  from  the  bottom  of  the  washer  as  thio-sul- 
phate,  entering  regenerator  (B),  where  it  is  treated  with 
sulphur  dioxide  coming  from  the  sulphur  stove  (F),  the  sul- 
phur dioxide  being  forced  through  the  liquor  due  to  pressure 
produced  by  the  compressor  (G).  The  overflow  from  regen- 
erator (B)  enters  regenerator  (C),  where  a  further  treatment 
with  sulphur  dioxide  is  effected,  and  then  enters  the  wash 
liquor  tank  (D),  from  whence  it  is  again  pumped  to  the 
washer. 

Alternately  treating  the  liquor  with  sulphur  dioxide  and  with 
crude  gas  forms  polythionate  in  the  first  instance  and  thio- 
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sulphate  in  the  second,  the  polythionate  being  the  active  wasl 
ing  medium;  an  equivalent  amount  of  hydrogen  sulphide 
removed  from  the  gas  in  conjunction  with  the  anmionia  in  tk 
washer. 

When  the  liquor  has  obtained  a  strength  equivalent  to  35  c 
40  per  cent,  of  ammonium  sulphate,  a  portion  of  this  concei 
trated  solution  is  pumped  into  the  oxidation  or  finishing^  tan 
(H),  it  being  replaced  in  the  circulating  system  with  wea 
liquor  from  prior  condensation.  In  the  finishing  tank  (H)  th 
polythionate  liquor  is  treated  with  heat  through  the  mediur 
of  a  steam  coal,  and  some  sulphur  dioxide,  if  this  should  b 
necessary ;  by  this  treatment  the  thio-sulphates  are  tranf ormo 
into  polythionates  which  are  in  turn  decomposed  into  sulphat 
and  free  sulphur. 

The  liquor,  when  decomposed,  is  drawn  off  from  the  finish 
ing  tank  onto  the  sulphur  drain  board  (J),  and  the  free  sul 
phur,  which  is  in  the  form  of  hard  grains,  is  placed  in  thi 
centrifugal  (K)  where  its  moisture  is  expelled;  this  sulphur  h 
returned  to  the  sulphur  stove  (F)  for  the  further  productior 
of  sulphur  dioxide. 

The  liquors  from  the  drain  board  (J),  as  well  as  that  fronc 
the  centrifugal  (K),  flows  to  the  precipitating  tank  (Q)  when 
it  is  treated  with  some  concentrated  ammonia,  or  (NH^)2S 
from  the  condenser  (T)  ;  this  liquor  is  then  transferred  to  the 
storage  tank  (L)  and  is  pumped  from  there  to  the  vacuum 
boiler  (M).  The  concentrated  ammonia,  or  (NH4)2S,  from 
the  still  and  condenser  is  sent  into  the  precipitating  tank  in 
order  that  any  iron  held  in  suspension  may  be  thrown  down, 
thus  ensuring  a  clean,  white  salt ;  the  amount  of  ammonia  used 
for  this  purpose  is  very  small,  but  it  is  all  recovered  in  the 
sulphate.  The  liquor  is  evaporated  in  a  vacuum  (an  open 
evaporator  may  be  used  if  desired)  in  the  boiler,  and  the  salts 
are  drawn  out  onto  the  drain  board  (N),  and  from  thence 
to  the  centrifugal  (O)  and  rotary  dryer  (P),  the  salts  thus 
produced  being  ready  for  bagging  and  shipping.     All  mother 
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liquor  from  the  drainboard  and  centrifugal  returns  to  tank 
(L)  and  is  from  thence  pumped  back  into  the  boiler. 

The  still  (R)  is  used  for  the  purpose  of  evaporating  any 
ammonia  liquor  thrown  down  by  previous  condensation,  these 
vapors  being  returned  to  the  gas  at  the  inlet  to  the  washer,  a 
small  portion  of  the  vapor  being  sent  into  the  condenser  (T) 
for  producing  the  (NH4)2  S  used  in  the  precipitating  tank.  The 
use  of  a  still  is  dependent  upon  the  method  of  operation;  if 
Feld's  system  of  hot  tar  extraction  is  installed  a  still  will  not 
be  necessary,  as  there  will  be  no  precipitation  of  ammonia 
under  these  conditions ;  a  still  is  also  not  necessary  if  the  pro- 
duction of  ammonia  liquor  does  not  exceed  the  amount  of 
liquor  required  in  circulation. 

This  process  requires  but  very  little  expert  control,  the  usual 
mechanics  attending  the  machinery  being  capable  of  making 
the  necessary  liquor  tests  after  some  little  instruction. 

The  Bueb  process  for  the  extraction  of  cyanogen  produces 
ammonitmfi  sulphate  in  solution,  and  therefore,  this  process,  in 
combination  with  the  Feld  explained  above,  forms  a  very  re- 
munerative proposition. 

The  income  from  such  a  combined  plant  in  a  works  car- 
bonizing 300  tons  of  coal  per  day  is  approximately  as  follows, 
based  on  250  maximum  days  per  year : 

Cyanogen  128,500  lbs.  at  13^50. $17,025.00 

Sulphate    1,349^50  lbs.  at    3.00c 40,477.50 

NH»  in  press  cake      29,750  lbs.  at    7.00c 2,082.50 


Total  gross  earnings  $59.5^5.00 

The  operating  expenses  arc: 

Materials   $3i695.oo  ^ 

Steam   1,663.00 

Power    2,688.00 

Miscellaneous    1,000.00 

Labor    2,500.00     * 


Total  operating  expense  11,546.00 


Net  earnings  per  year  less  interest 

and  depreciation  $48,039.00 
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Benzol. 

While  the  removal  of  benzol  from  gas  is  not  of  remunera- 
tive interest  to  the  coal  gas  producer  under  the  present  anti- 
quated standard  of  gas  sale  by  candle-power,  it  is  of  special 
interest  to  the  by-product  coke  oven  operator,  and  as  all  of  the 
preceding  data  applies  to  both  of  these  producers,  the  method 
of  removing  and  purifying  benzol,  is  herewith  included. 

Benzol  is  recovered  from  coal  gas  after  the  tar  and  ammonia 
have  been  removed,  and  all  modern  systems  are  based  on  the 
original  process  as  carried  out  by  Brunck  in  Germany  in  1887. 
The  gas  is  washed  in  a  series  of  washers  with  light  oil,  this  oil 
absorbing  the  benzol,  after  which  the  raw  product  is  subjected 
to  a  number  of  distillations,  producing  benzol,  toluol,  xylol 
and  solvent  naphtha. 

The  Koppers  Company  states  that  the  income  due  to  the 
extraction  of  benzol  from  the  gas  produced  by  the  carboniza- 
tion of  2,000  net  tons  of  dry  coal  per  day,  is  as  follows : 

Yearly  Recovery. 

Benzol,  67  per  cent 978,000  gallons 

Toluol,  16  per  cent 234,000  gallons 

Xylol,  8  per  cent 117,000  gallons 

Solvent  naphtha,  9  per  cent 131,000  gallons 

Total    1,460,000  gallons 

With  a  gross  income  of — 

1,460,000  gallons  at  15  cents $219,000.00 

Crude  naphthalene,  330  net  tons  at  $5.00 1,650.00 

Regenerated  acid  of  40**  Be.,  360  net  tons  at  $6.00      2.160.00 

Total  gross  income   $222,810.00 

The  operating  expense  per  year  being — 
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Raw  material,  consisting  of  wash  oil,  sulphunc 

add,  caustic  soda  $15,000.00 

Steam  for  distillation,  air  compressor,  loading 

pumps,  add  regenerati9n  and  cooling  water    15,000.00 

Electric   power    for    water   pumps,   oil    pumps, 

agitator,  illumination   6,200.00 

Wages  for  three  distillers  and  two  helpers 5,000.00 

Overhead  expenses,  fire  insurance,  maintenance 
and  depreciation,  assuming  the  cost  of  the 
complete  plant  to  be  about  $300,000.00 30,000.00 

Calorific  loss  of  the  gas 13,000.00 

Total  operating  expense  '$84,200.00 

giving  a  net  profit  of  $222,810.00  —  $84,200.00  =  $138,610.00 
or  46  per  cent,  on  the  investment  capital,  and  making  the  cost 
of  producing  one  gallon 

$84,200.00 

^^-^' ^-  5.8  cents. 

1,460,000 

This  profit  is  of  course  dependent  upon  the  selling  price 
of  benzol  and  the  cost  of  raw  material. 


(Mr.  Wagner  read  an  abstract  of  his  paper.) 
Mr.  V.  VON  Starzenski  (Schenectady,  N.  Y.)  :  I  want  to 
ask  my  friend  Mr.  Wagner  a  question  that  I  hope  will  not 
seem  pointed,  and  that  is,  how  many  sleepless  nights  did  he 
spend  trying  to  work  in  another  washer  so  that  he  could  sell 
them  by  the  dozen.  In  his  paper  it  is  not  quite  clear  to  me 
how  he  fractionates  tar.  You  have  first  four  washers,  prac- 
tically one  machine,  that  is,  as  far  as  pumping  is  concerned. 
You  pump  light  oil  into  the  third  washer  to  wash  out  the 
heavier  or  middle  oils;  yoil  pump  the  middle  oil  into  the 
second  washer  to  wash  out  the  heavy  oils,  and  then  the  heavy 
oils  to  wash  out  the  pitch.  As  they  wash  one  into  the  other, 
how  do  they  separate  out  ? 

Mr.  a.  B.  Way  (Everett,  Mass.)  :  I  want  to  ask  Mr.  Wag- 
ner, first,  whether  there  is  not  considerable  condensation  of 
heavy  tar  and  pitch  in  the  collecting  main  at  temperatures  in 
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excess  of  those  quoted  for  the  operation  of  the  first  washer. 
Such  being  the  case,  which  would  be  the  better  procedure — 
to  have  a  separate  tank  for  this  condensation,  or  run  it  into 
the  tank  with  the  tar  from  the  first  washer? 

In  the  explanation  of  the  operation  of  a  hot  tar  washer,  it 
is  not  quite  clear  just  where  the  wash  tar  comes  from.  On 
page  343,  the  author  says  that  heavy  oils  from  the  second 
washer  are  pumped  into  the  first  washer,  but  in  the  drawing 
and  explanation  thereof  he  shows  that  a  mixture  of  hot  wash 
tar  and  extracted  tar  flow  into  the  hot  tar  tank  at  the  bottom, 
and  are  repumped  into  the  same  washer,  except  for  the  excess, 
which  overflows  to  the  tar  storage.  As  there  would  always  be, 
therefore,  sufficient  tar  in  the  wash  tar  tank  to  supply  the 
washer,  where  are  the  heavy  oils  introduced,  and  what  governs 
such  choice  of  place? 

On  page  358,  Mr.  Wagner  speaks  of  the  separation  of 
the  sulphur  in  the  oxidation  tank  as  being  in  the  form  of  hard 
grains.  Of  course  the  natural  physical  form  of  separated 
sulphur  is  that  of  a  material  in  a  very  fine  state  of  division, 
so  fine  that  it  will  pass  through  the  finest  filter  paper.  It 
is  posible  by  continued  boiling  to  coagulate  these  particles 
somewhat,  or  by  raising  the  boiling  point  by  the  addition  of 
a  salt,  one  may  get  the  sulphur  in  granular  form.  And  I  would 
therefore  like  to  ask  Mr.  Wagner,  to  what  temperature  this 
tank  is  heated?  With  ammonium  salts  present  to  the  extent 
of  the  equivalent  of  35  or  40  per  cent,  ammonium  sulphate, 
the  boiling  point  may  be  sufficiently  high  to  granulate  the 
sulphur.    Is  that  the  secret  of  the  hard  grains? 

In  this  same  connection,  Mr.  Wagner  speaks  of  treating 
the  liquor  in  the  finishing  tank  with  some  sulphur  dioxide, 
"if  this  should  be  necessary."  Is  it  not  absolutely  necessary 
to  do  this?  As  he  has  explained,  the  liquor  comes  from  the 
washer  in  the  form  of  thiosulphate,  which  latter  will  not  decom- 
pose into  sulphate,  but  rather  into  sulphite  and  free  sulphur. 

By  conversion  to  polythionates,  however,  with  the  aid  of 
sulphur  dioxide  decomposition  to  sulphate  is  easily  effected. 
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In  fact,  with  only  partial  conversion  in  polythionates,  this  may 
be  effected,  for  one  molecule  of  poljrthionate  and  two  of  thio- 
sulphate  will  react  to  form  sulphate  and  free  sulphur. 
(NHJAO,  e  2(NHJ,SA  -  3(NH,),SO,  +  5S. 
But  on  the  other  hand,  would  it  not  be  quite  possible  that 
'without  the  sulphur  dioxide  treatment  there  might  be  insuf- 
ficient polythionates  present  to  complete  this  reaction  so  that 
the  final  product  would  contain  thiosulphate,  which  in  time 
^would  decompose  into  sulphite  and  free  sulphur? 

It  seems  to  me  that  the  precipitation  tank  is  a  commendable 
feature,  not  only  to  rid  the  solution  of  any  iron  which  on  sub- 
sequent oxidation  would  give  a  color  to  the  salt,  but  because 
one  might  expect  to  find  in  the  unfinished  solution  rather  more 
than  traces  of  thiocyanates.  If  the  thiocyanate  of  iron  solu- 
tion were  to  be  evaporated  with  the  rest,  it  would  impart  a 
red  color  to  the  salt,  but  with  the  iron  removed,  the  ammonium 
thiocyanate  would  be  broken  up  in  the  vacuum  boiler  and  the 
disturbing  member  removed  with  the  steam. 

In  connection  with  this,  there  is  another  point  which  is  not 
quite  clear.  In  order  to  precipitate  the  iron,  ammonia  must 
be  added  in  excess,  and  I  presume  that  this  iron  is  removed 
either  by  settling  and  decantation  of  the  supernatant  liquid,  or 
by  filtration.  Whichever  way  it  is  done,  there  must  be  free 
ammonia  present  in  the  solution,  and  when  the  latter  is  put 
through  the  vacuum  boiler,  what  is  there  to  prevent  this  free 
ammonia  from  escaping?  How  is  it  all  recovered  in  the  sul- 
phate ? 

Mr.  C.  J.  Ramsburg  (Chicago)  :  I  should  like  to  ask  Mr. 
Wagner  whether  there  is  one  of  these  plants  in  operation? 
If  so,  is  it  connected  with  a  gas  plant,  or  coke  oven?  It 
seems  to  me  there  would  be  considerable  deposition  in  the 
mains,  even  when  lagged  thoroughly,  on  account  of  the  high 
temperature  condensates  present,  particularly  in  coal  gas 
from  retort  plants. 

Reference  is  made  on  page  348  as  follows : 

"The  Feld  process  of  tar  washing  was  installed  in  a  works 
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in  Bohemia  in  1907,  and  the  tar  was  fractionated  into  pitch, 
heavy  oil,  and  light  oil,  with  the  result  that  the  tar  produced 
by  the  old  method  of  condensation  sold  for  $5.00  per  ton, 
while  with  the  use  of  the  Feld  system  producing  the  oils  direct 
from  the  gas,  the  equivalent  of  this  ton  of  tar  sold  for  $16.00." 

I  think  it  misleading  to  say  that  by  using  the  Feld  system, 
they  were  able  to  get  $11.00  per  ton  more  for  the  tar,  when  as 
a  matter  of  fact,  I  think  what  should  be  said  is  that  by  separat- 
ing the  tar  in  various  fractions,  he  was  able  to  get  $11.00 
more  per  ton.  Of  course,  what  is  done  in  this  separation  by 
Feld*s  system,  can  be  also  done  by  distilling  the  tar  after  it 
has  been  taken  out  in  the  ordinary  manner.  It  also  seems  to 
me  highly  improbable  that  the  products  from  this  system  could 
be  disposed  of  to  advantage.  Having  been  separated  in  a 
manner  such  as  this,  it  would  be  hard  to  find  a  purchaser  for 
these  various  products,  which  would  have  particular  charac- 
teristics. The  pitch,  for  example,  would  be  a  pitch  of  a  de- 
finite quality  and  melting  point.  It  would  not  be  a  pitch  which 
could  be  made  to  sell  to  meet  a  certain  specification  of  melting 
point.  So,  while  it  seems  to  me  that  if  practical  and  workable, 
there  could  be  considerable  in  this  type  of  plant,  yet  it  would 
necessitate  large  investment,  and  I  believe  the  same  end  could 
be  accomplished  by  condensing  the  tar  out  and  distilling  it 
to  much  better  purpose. 

Mr.  W.  H.  FulwEilEr,  (Philadelphia)  :  I  do  not  know 
whether  it  is  a  typographical  error  or  not,  but  on  page  349  it 
says :  "Water  gas  tar  will  absorb  from  18  to  20  per  cent,  of  its 
own  weight  in  naphthalene,  this  absorption  efficiency  also  being 
dependent  upon  the  amount  of  phenols  present."  It  is  my 
understanding  of  water  gas  tar  that  there  is  no  phenol  present. 
I  just  wondered  what  Mr.  Wagner  really  meant  to  say. 

Mr.  W.  J.  McGuRTY  (New  York):  With  regard  to  the 
condensation  in  the  main,  which  has  been  referred  to,  I  wish 
to  say  that  while  there  are  no  plants  of  this  type  in  operation 
here,  there  is  one  working  at  Ilseder  near  Frankfurt,  in  which 
the  main  has  been  lagged,  and  any  condensate  produced  at  this 
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point  is  mixed  with  the  washing  tar,  the  separation  subse- 
quently taking  place  in  the  washer. 

With  regard  to  the  value  of  the  fractionated  products  com- 
pared with  the  original  tar,  the  paper  mentions  that  the  "equi- 
valent" of  a  ton  of  tar  produced  in  this  process  sold  for  $16.00, 
instead  of  the  total  tar  selling  at  this  price,  the  increased  value 
being  due  to  the  fractionation. 

I  am  very  sorry  I  did  not  catch  quite  all  of  Mr.  Way's 
criticism  regarding  the  chemical  feature  of  the  process.  As 
the  operation  has  been  both  experimented  with,  and  investigated 
under,  working  conditions,  I  feel  that  the  criticism  would 
not  have  been  made  if  the  chemical  control  of  the  process  had 
been  more  closely  investigated. 

As  regards  Mr.  Fulweiler's  statement,  referring  to  the  ex- 
traction value  of  water  gas  tar  for  naphthalene,  the  figures 
quoted  have  been  obtained  in  practice. 

Mr.  Fui.weii.er:  You  misunderstood  my  question.  I  did 
not  question  the  statement  that  water  gas  tar  would  absorb 
that  much  naphthalene.  You  spoke  of  its  value  as  an  extrac- 
tion agent  due  to  the  presence  of  phenol.  Phenol  does  not 
exist  in  water  gas  tar. 

The  Chairman  :  Mr.  Wyant,  have  you  anything  to  add  to 
this? 

Mr.  Wyant  :  It  seems  to  me  it  would  be  well  to  emphasize 
still  further  the  fact  that  the  figures  given  on  pages  355 
and  356  regarding  the  ammonia  returns  are  not  relative 
figures.  It  is  quite  evident  that  these  figures  are  not  based 
upon  the  same  quantity  of  coal  carbonized,  and  while  they  are 
definite  figures,  it  might  appear  that  there  was  a  definite  re- 
lation between  these  returns  and  the  definite  quantity  of  coal 
stated.  In  the  case  of  the  concentrating  plant,  the  ammonia 
indicated  amounts  to  the  sale  of  3.4  lb.  per  ton,  while  in  the 
case  of  the  aqua  plant,  assuming  the  same  quantity  of  coal 
carbonized,  the  returns  indicated  equal  4.28  lb.  per  ton, 
and  in  the  sulphate  plant  equal  only  3.3  lb.  If  we  assume 
that  these  figures  are  relatively  correct  for  the  same  quantity 
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of  coal  carbonized,  we  might  infer  that  aqua  yields  the  maxj 
mum  return,  which  is  not  necessarily  true.  I  think  it  is  im 
portant  to  notice  that  the  interest  and  depreciation  charge 
are  omitted  from  the  costs  charged  against  the  returns.  ' 
note,  too,  that  the  returns  are  based  upon  the  selling  price  o 
gas  at  $102.00  per  ton.  This  is  a  higher  price  than  I  believ 
aqua  ammonia  is  selling  for  at  the  present  time,  at  least  in  th 
East.  Then,  too,  if  we  deduct  from  the  net  returns  the  neces 
sary  capital  charges  for  the  different  products,  w^e  should  hav 
a  leveling  in  the  returns,  which  is  not  indicated  in  the  paper. 

Mr.  M.  E.  Muei^ler   (Astoria,  Long  Island,  N.  Y.)  : 
should  like  to  ask  Mr.  Wagner  whether,  to  make  the  diagran 
of  the  washers  on  page  342  complete,  there  should  not  b 
a  condenser  shown  between  the  adjoining  washers? 

The  Chairman  :  Now,  Mr.  Wagner,  will  you  close  tb 
discussion  ? 

Mr.  Wagner:  In  regard  to  the  removal  of  the  varioui 
fractions  which  have  been  questioned,  I  would  state  that  ii 
order  properly  to  explain  that,  the  entire  theory  of  condensa 
tion  as  outlined  by  Dr.  Feld  would  have  to  be  placed  befon 
you,  but  it  is  all  based  on  treating  the  gas  at  the  dew-point  foi 
the  various  constituents  which  are  to  be  removed,  and  m 
positive  temperature  can  be  given  for  any  series  of  gases 
That  dew-point  must  be  established  in  each  individual  case 
Of  course,  slight  variations  plus  or  minus  are  allowed,  but  1 
cannot  tell  you  that  it  requires  a  temperature  of  160  degrees 
or  100  or  120,  or  any  other  degree  to  accomplish  a  certair 
purpose.  That  temperature  must  be  established  in  each  in- 
dividual works.  Referring  to  the  question  of  hard  grains  oi 
sulphur  and  the  temperature  at  which  the  finishing  or  boiling 
tank  is  operated,  I  would  state  that  this  is  at  212  degrees. 
When  I  say  hard  grains  of  sulphur,  I  mean  grains  of  sufficient 
density  and  size  so  that  they  can  be  removed  in  a  hydro  ex- 
tractor. The  use  of  some  additional  sulphur  dioxide  gas  in  the 
finishing  tank  is  not  at  all  necessary,  provided  the  operator  of 
the  plant  has  attended  to  his  business.    If  he  has  not  done  so. 


Digitized  by 


Google 


367 

and  he  does  not  get  polythionate  liquors  into  his  finishing  tank, 
he  will  have  to  give  it  sulphur  dioxide  gas  in  order  to  convert 
the  thiosulphate  into  polythionate.  The  plant  must,  however, 
be  so  arranged  that  you  have  to  depend  upon  the  human  ele- 
ment, and  if  the  operator  does  not  treat  his  liquor  until  he  has 
polythionates,  he  will  not  produce  ammonium  sulphate.  Then 
you  must  give  him  an  opportunity  to  add  the  necessary  sulphur 
dioxide  to  the  thiosulphate  in  order  to  produce  the  pol)rthionate. 
Then  by  heating  it  to  about  212  d^jees,  his  polythionate  is 
broken  down  into  ammonitmi  sulphate  and  free  sulphur. 

Referring  to  the  diagram  on  page  342,  it  will  be  seen  that 
you  never  pump  the  same  material  into  the  washer  from  which 
it  came.  You  are  pumping  the  material  from  a  succeeding 
washer  into  a  preceding  one.     I  think  that  is  all. 

The  Chairman:    The  Chair  will  entertain  a  motion  for 
the  thanks  of  the  meeting  to  Mr.  Wagner. 
A  motion  to  that  effect  was  made,  seconded  and  carried. 

The  Chairman  :  The  next  business  on  the  program  is  a 
symposium,  "Operating  Experiences  Under  a  Calorific  Stan- 
dard." Will  Mr.  G.  H.  Waring,  of  Charleston,  S.  C,  open 
the  discussion? 

OPERATING  EXPERIENCES  UNDER  A  CALORIFIC 
STANDARD. 
(symposium.) 

Mr.  Waring  :  I  don't  know  just  exactly  what  was  intended 
to  be  brought  out  in  this  discussion.  We  are  not  operating 
on  a  purely  calorific  standard  in  Charleston.  We  are  oper- 
ating on  a  dual  standard,  that  is,  candle-power  and  calorific 
value.  Our  standard  is  600  B.  t.  u.  gross  and  20  candle- 
power  water  gas.  Our  experience  has  been  that  by  obtaining 
the  necessary  600  B.  t.  u.,  we  haven't  any  trouble  in  getting 
the  20  candle-power ;  in  fact,  our  average  for  a  year  taken  at 
the  plant  gave  us  21.18  candle-power  with  604  B.  t.  u.  I 
imagine  the  object  of  this  discussion  was  to  bring  out  the  fact, 


Digitized  by  VjOOQIC 


368 

whether  any  particular  difficulties  were  found  in  operating  on 
a  B.  t.  u.  standard.  My  experience  has  been  that  it  is  much 
easier  to  operate  a  water  gas  plant  on  a  calorific  standard  than 
it  is  for  candle-power.  The  temperature  changes  have  less 
effect  on  calorific  value;  in  other  words,  the  calorific  value 
might  be  said  to  be  dependent  on  the  amount  of  oil  you  use, 
whereas  the  candle-power  is  dependent  upon  how  you  work 
your  oil  up.  If  you  crack  your  oil  up  and  get  it  into  the  gas, 
you  get  the  B.  t.  u.  It  is  not  so  with  the  candle-power,  but 
it  is,  from  the  operator's  standpoint,  very  much  easier  to  oper- 
ate under  a  calorific  standard  than  it  is  by  candle-power  stand- 
ard. From  the  point  of  view  of  the  consumer,  undoubtedly 
all  he  wants  is  the  calorific  value.  Under  the  present  method 
of  using  gas,  there  is  no  necessity  for  the  candle-power.  I 
should  like  to  say  that  our  calorific  standard  is  rather  high. 
We  are  required  by  the  municipality  to  give  600  B.  t.  u.,  which 
we  consider  rather  exacting. 

Mr.  G.  T.  Macbeth  (Mount  Vernon,  N.  Y.)  :  Mr  Presi- 
dent, we  have  never  operated  on  a  calorific  standard.  We 
have  operated  on  a  candle-power  standard,  and  observed  the 
B.  t.  u.  There  seems  to  be  a  point  referred  to,  which  Mr. 
Waring  brought  to  my  mind,  and  that  is  this:  In  general 
you  can  operate  with  less  than  600  B.  t.  u.  and  maintain  20 
candle-power,  if  you  are  allowed  to  use  a  Sugg  F  Argand 
as  test  burner.  Mr.  Waring,  I  understand,  is  not  allowed  to 
use  this  burner.  I  don't  believe  the  Sugg  F  Argand  burner 
is  allowed  in  any  except  third  class  cities  and  villages  in  New 
York  State.  Second  class  cities  and  first  class  cities  require 
No.  7  Bray. 

Mr.  D.  MacArthur  (St.  Louis):  I  would  like  to  state 
that  in  St.  Louis  we  have  been  operating  under  both  a  candle- 
power  and  a  B.  t.  u.  standard  for  the  past  10  years,  and  we 
have  been  able  to  watch  the  B.  t.  u,  very  closely  While  the 
city  requirements  for  candle-power  are  18  candle-power  any- 
where around  town,  we  have  also  maintained  in  addition, 
600  B.  t.  u.  gross  anywhere.     This  latter  stipulation  fixes  the 
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general  quality  of  the  gas,  so  that  we  never  need  to  pay  much 
attention  to  the  candle-power,  but  do  pay  particular  attention 
to  the  B.  t.  u. 

In  the  manufacture  of  coal  gas,  we  have  found  that  in  order 
to  get  a  reasonably  fair  quality  of  gas,  we  must  watch  the 
seals  and  the  way  the  gas  is  treated,  and  in  general  we  have 
no  difficulty  whatever  in  keeping  our  B.  t.  u.  well  over  600, 
and  at  the  same  time  press  our  yield  up  close  to  6  ft.  The 
matter  of  regulation  in  a  coal  gas  plant  and  the  care  of  the 
hydraulic  main  have  an  enormous  amount  to  do  with  the 
keeping  up  of  the  B.  t.  u.  If  the  main  is  allowed  to  become 
uneven,  if  the  dip  pipes  are  not  checked  up  for  level,  and  if 
the  seal  is  not  properly  set,  there  is  either  a  large  leak  of  gas 
in  various  places  or  else  the  B.  t.  u.  drop,  due  to  the  intro- 
duction of  extraneous  gases.  The  care  that  we  give  to  our 
^vater  gas  is  much  the  same.  We  check  the  oil  every  hour 
and  observe  the  B.  t.  u.  every  half -hour;  we  also  watch  the 
heats,  pressure,  generator  fire  and  treatment,  so  that  we  know 
at  all  times  just  what  is  going  on  at  the  plant.  We  have  a 
relief  holder  that  holds  approximately  150,000  cubic  feet  at 
one  plant,  and  another  that  holds  300,000  cubic  feet  at  the 
second  plant.  The  iadvantages,  of  course,  in  having  a  large 
relief  holder  are  that  you  can  get  a  good  mixture  of  gas  and 
so  maintain  the  B.  t.  u.  evenly,  and  also  that  the  piunping  of 
water  gas  can  be  carried  on  more  evenly  through  tar  extractors 
and  purifiers. 

The  big  disadvantage  is  that  should  you  be  making  poor  gas 
and  get  a  holder  full  of  poor  gas,  you  are  in  hard  straits,  so 
that  then  a  small  holder  would  be  preferable. 

One  of  the  things  that  we  have  encountered  in  recent  years 
has  been  to  keep  the  B.  t.  u.  at  such  an  even  range  that  there 
will  be  no  difficulty  whatever  in  using  it  in  the  different  gas 
arcs  that  are  on  the  market  and  in  the  different  devices  in 
use  for  industrial  purposes.  At  one  of  the  stations  that  hap- 
pened to  be  equipped  with  an  old  holder  with  but  two  main 
connections  on  it,  the  difficulty  we  experienced  there  was  that 
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with  gas  being  pumped  for  the  high  pressure  system,  and  with 
low  pressure  gas  going  out  of  the  holder,  and  with  gas  going 
into  the  holder  all  at  one  time,  it  made  it  almost  necessary  to 
have  three  mains,  but  inasmuch  as  it  was  the  only  holder  at  the 
station,  we  could  not  very  well  change  it.  Should  we  take 
the  gas  used  for  both  high  and  low  pressure  distribution,  from 
the  outlet,  the  pulsations  of  the  blowers  would  seriously  affect 
the  low  pressure  around  town  by  causing  the  lights  to  flicker; 
on  the  other  hand,  if  we  took  the  gas  for  the  high  pressure 
blowers,  from  the  inlet  of  the  holder,  we  did  not  get  a  good 
mixture,  and  this  was  important,  as  the  high  pressure  system, 
besides  supplying  outlying  holders,  fed  low  pressure  mains. 
In  order  to  maintain  an  even  range  of  B.  t.  u.,  we  adopted  the 
system  of  having  all  the  gas  go  into  the  holder  and  taking 
it  out  with  high  pressure  blowers,  and  then  by  a  fixed  con- 
nection from  the  high  pressure  line  to  the  low  pressure  line, 
supply  the  low  pressure  distribution  from  the  station. 

Mr.  Rollin  Norris  (Philadelphia) :  I  rather  hesitate  to 
discuss  this  question  of  experience  in  maintaining  a  calorific 
standard,  but  I  thought  it  might  be  of  interest  to  say  this,  that 
all  of  the  works  connected  with  The  United  Gas  Improvement 
Company  are  now  operating  on  a  calorific  standard  exclusively, 
except  in  cases  where  our  franchise  requires  either  the  dual 
standard  or  a  candle-power  standard.  We  have  not  been  at  it 
long  enough  to  know  just  exactly  what  it  means,  but  we  do 
know  that  we  can  maintain,  on  monthly  averages,  very  close 
accord  with  a  predetermined  standard. 

Speaking  generally,  the  heat  conditions  of  fixing  vessels 
that  give  the  highest  candle-power,  give  the  highest  heating 
value  per  gallon  of  oil  used.  Where  the  conditions  require 
you  to  maintain  a  monthly  standard,  you  come  very  close  to  it, 
but  there  should  be  a  considerable  variation  allowed  in  the 
daily  standard,  because  so  far  it  is  as  impossible  to  maintain 
an  absolutely  uniform  heating  value  as  it  was  to  maintain  an 
absolutely  uniform  candle-power,  but  I  believe  that  our  public 
now  are  getting  a  more  uniform  quality  of  gas,  a  more  satis- 
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factory  uniformity  in  quality  under  the  present  method  of 
operating  than  they  were  under  the  strictly  candle-power 
standard. 

Mr.  E.  C.  Jones  (San  Francisco) :    What  I  have  in  mind 
to  say  about  candle-power  and  heating  value  will  be  more  or 
less  foreign  to  eastern  conditions.     In  California,  as  you  all 
know,  we  are  manufacturing  gas  exclusively  from  crude  oil 
and  its  distillates,  but  the  gas  after  it  is  made  is  so  nearly 
like  coal  gas  that  it  is  impossible  to  detect  the  difference  by 
analysis   in  the  laboratory  excepting  that  the  hydrocarbons 
known  as  illuminants  exist  in  larger  percentage.       In   San 
Frandsco,  we  are  unfortunately  required  to  supply  candle- 
power  as  well  as  600  B.  t.  u.  per  cubic  foot.    Other  California 
towns  are  doing  away  with   the  candle-power  requirement, 
giving  the  gas  maker  the  opportunity  to  avail  himself  of  some 
of  the  advantages  accruing  to  the  making  of  oil  gas  without 
high  candle-power.     There  is  a  peculiarity  about  our  oil  gas. 
On  account  of  its  comparatively  low  specific  gravity,  it  has 
a  large  flame  area,  and  therefore  a  large  area  for  the  diffusion 
of  light ;  so  a  16  candle-power  oil  gas  visually  gives  almost  as 
good  results  as  a  20  candle-power  water  gas.     In  the  manu- 
facture of  oil  gas,  in  the  beginning  we  used  about  13  gallons 
of  oil  to  1,000  cubic  feet,  and  by  improvement  this  has  been 
reduced  to  about  yy^  gallons  per   1,000  cubic  feet.     In  the 
careless  breaking  up  of  oil — and  this  might  also  be  applied  to 
the  manufacture  of  water  gas  as  well — ^in  the  overheating 
and  underheating,  that  is,  zone  heating  of  oil  and  the  destruc- 
tion of  it  by  overheating,  the  carbon  and  hydrogen  are  torn 
apart  and  the  result  in  oil  gas  manufacture  is  the  production  of 
a  large  quantity  of  what  we  call  lamp  black  as  a  residual.     In 
the  beginning  of  the  oil  gas  business,  we  produced  as  much  as 
50  lbs.    per    1,000    cu.    ft.    of    lamp    black.      It    is    aknost 
pure  carbon.     It  runs  about  98.6  per  cent,  carbon,  and  is  a 
valuable  fuel  for  boiler  firing,  and  is  being  briquetted  and  sold 
for  domestic  fuel.     We  have  taken  out  of  our  gas   (in  the 
manufacture  of  lamp  black)  stable  hydrocarbons,  light  giving 
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and  heat  giving,  and  we  have  remaining,  hydrogen,  a  very 
much  overrated  gas.  It  is  very  hot  by  the  pound  but  ver)' 
light,  and  we  have  sacrificed  valuable  hydrocarbons  to  get  it. 
This  also  happens  in  the  manufacture  of  water  gas.  We 
sacrificed  hydrocarbons,  of  from  2,000  to  4,000  B.  t.  u.  per 
cubic  foot  and  have  on  our  hands  lamp  black  residual,  and 
hydrogen  with  only  344  B.  t.  u.  per  cubic  foot;  and  if  the 
process  were  to  be  continued  in  the  way  we  began,  we  would 
find  it  impossible  to  make  oil  gas  containing  as  much  as  500 
or  550  B.  t.  u.  But  by  using  care  in  the  application  of  heat  to 
oil,  we  have  succeeded  in  reducing  the  lamp  black  residual  to 
less  than  5  lbs.  per  1,000  cu.  ft.  We  have  improved 
the  quality  of  the  gas  and  reduced  the  quantity  of  oil.  In 
regard  to  the  heating  value  and  candle-power,  I  have  heard  so 
much  said  about  the  relationship  of  the  two,  but  I  have  failed 
entirely  to  find  any  relationship  between  candle-power  and 
heating  value.  When  I  was  associated  for  a  while  with  Prof. 
T.  S.  C.  Lowe  (San  Francisco)  trying  some  experiments  in 
the  manufacture  of  coke  oven  gas,  we  succeeded  in  making  a 
non-luminous  coal  gas  of  750  B.  t.  u.  It  seemed  to  me  that  it 
exploded  the  idea  of  any  relation  between  candle-power  and 
heat  units,  and  I  always  deplore  the  fact  when  I  go  into  some 
laboratories  and  actually  find  charts  with  candle-power  and 
heat  units  classified  as  though  one  had  a  relationship  to  the 
other,  that  is,  with  so  many  heat  units  per  cubic  foot,  gas  must 
be  of  a  certain  candle-power,  and  vice  versa.  I  find  that  there 
is  no  relation  between  them.  Accidentally,  it  may  happen 
once  in  a  while. 

Speaking  of  calorimeters,  I  believe  the  calorimeter  that 
will  be  most  satisfactory  will  be  the  bomb  calorimeter  for 
the  actual  burning  of  gas  with  oxygen,  whereby  all  of  the 
heat  of  combustion  is  absorbed.  It  seems  to  me  that  any 
calorimeter  of  the  Junker  type,  that  is  dependent  upon  a 
burner  for  consuming  the  gas,  must  be  very  faulty.  I  have 
been  much  disappointed  in  the  use  of  the  Junker  type  of  cal- 
orimeter in  making  calorimetrical  tests  of  different  hydro- 
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n  gases,  acetylene,  for  instance,  where  the  Junker  calori- 
•,  which  gives  fairly  good  results  with  standard  gas,  is 
here  from  25  to  40  per  cent,  out  of  the  way.  I  have 
1,  that  the  best  calorimeter  in  the  world  is  the  ordinary 
sn  clock,  costing  about  $1.00.     If  you  put  the  "kitchen 

on  the  mantle  piece  in  the  kitchen,  where  a  gas  stove  is 
5,  you  will  find  that  any  variation  in  heat  imits  in  the  gas 
nake  a  vast  difference  in  the  number  of  minutes  which 
equired  to  finish  the  roasting  of  meat,  and  if  John  has 
upper  at  6  o'clock  at  night  and  the  gas  has  not  the  heat 

in  it,  the  kitchen  clock  tells  the  story,  because  the  roast 
t  done  until  6.30.  A  few  heat  units  diflference  are  magni- 
nto  many  minutes.  You  will  find  it  is  a  very  sensitive 
imeter.     I  thank  you,  gentlemen.     (Applause.) 

L  J.  M.  MoREHEAD  (Chicago) :  In  Illinois,  after 
«iber  I,  there  will  be  no  candle-power  requirements, 
istead,  a  calorific  value  of  565  B.  t.  u.  This  ruling  of  the 
►is  Commission  will  enable  gas  to  be  made  out  of  Illinois 
Chicago  has,  however,  been  made  an  exception  to  the 
E^,  and  is  still  under  its  candle-power  standard,  to  main- 
which,  although  the  heat  units  do  not  go  up  and  down 
the  candle-power,  it  has  always  been  necessary  to  furnish 

than  565  B.  t.  u. 

e  question  has  come  up  as  to  just  what  the  relationships 
een  B.  t.  u.  and  candle-power  are,  and  we  agree  with  Mr. 
5  in  saying  that  they  are  like  the  snakes  in  Ireland — 

are  no  snakes  in  Ireland.  In  the  last  20  years  we  have 
making  gas  with  the  candle-power  in  view  entirely,  with- 
ny  reference  to  the  heat  units.  If  we  stop  paying  atten- 
to  the  candle-power  and  give  all  our  attention  to  the  cal- 

value  of  the  gas,  I  think  we  will  be  able  to  get  more  of 
leat  units  out  of  a  gallon  of  oil  than  we  are  doing  now. 
calorific  value  up  to  this  time  has  been  something  that 
aid  no  attention  to,  because  we  did  not  have  to.  For  a 
time,  we  did  not  know  what  it  was  except  in  a  general 
We  have  been  taking  the  calorific  value  regularly  in 
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Chicago  for  only  four  or  five  years,  though  we  have  been 
taking  candle-power  ever  since  the  fire. 

Mr.  Waring:  While  there  is  no  relation  between  the  can- 
dle-power and  heating  value  of  water  gas,  there  is  a  relation 
between  the  heating  value  and  the  candle-power  per  gallon  of 
oil  used.  A  chart  has  been  designed  with  three  elements: 
Candle-power,  candles  per  gallon,  and  heating  value-  This 
chart  was  based  on  the  operation  of  several  plants.  By  its 
use,  knowing  the  candle-power  and  the  candles  per  gallon,  we 
could  get  from  the  chart  a  heating  value  which  checked  very 
closely  to  the  actual  value  found  by  calorimetric  tests,  as 
shown  by  these  results  for  the  year  1913 : 

Heating  value 

Chart  Actual 

January    596  612 

February   600  606 

March    594  607 

April   582  607 

May  594  600 

June    599  600 

July   588  600 

August    594  599 

September    590  603 

October   596  603 

November    608  602 

December   594  603 

Year    594  604.5 

The  advantage  of  the  curve  shown  by  the  chart  is  that  we 
can  take  the  candle-power  hourly  as  we  go  along,  and  know- 
ing the  general  conditions  of  the  amount  of  oil  we  are  using, 
the  candle-power  we  are  getting,  we  can  assume  approximately 
the  candles  per  gallon,  so  that  from  the  chart  we  can  tell  at 
once  very  close  to  our  heating  value,  and  do  not  need  to  make 
a  calorific  determination  but  once  a  day. 

Mr.  Norris:  In  my  experience  with  water  gas,  within 
ordinary  practical  limits,  a  gas  of  a  given  candle-power  will 
vary  in  heating  value  according  to  the  amount  of  oil  used  per 
M  for  producing  that  candle-power,  that  is,  the  lower  the  oil 
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I>er  M,  the  lower  the  heating  value.  For  gas  of  a  given  candle- 
power  and  with  a  given  candle-power  efficiency  per  gallon  of 
oil  used,  the  heating  value  will  be  shown  very  closely  by  the 
chart  devised  by  Mr.  Klumpp,  and  which  was,  I  think,  pub- 
lished in  connection  with  some  of  the  committee  reports  of 
the  Institute.  The  chart  gives  quite  close  results  over  a  con- 
siderable range  of  candle-power  and  a  considerable  range  of 
oil  efficiency,  and,-  as  a  practical  working  device,  is  very  use- 
ful. 

Mr.  C.  C.  TutwilEr  (Philadelphia)  :  I  would  like  to  ask 
Mr.  Waring  or  Mr.  Norris  whether  it  is  not  necessary  that  the 
gas  be  tested  under  absolutely  uniform  conditions  in  order 
that  Mr.  Waring's  statement  holds  good.  By  uniform  con- 
ditions, I  mean  through  a  70-degree  coil.  I  think  there  is  no 
doubt  that  the  rule  will  hold  good  under  such  standard  con- 
ditions of  test,  but  I  do  not  think  it  will  hold  good  after  the 
gas  has  been  subjected  to  varying  pressure  and  temperature 
conditions  in  the  holders  and  distribution  mains. 

Mr.  C.  J.  Ramsburg  (Chicago)  :  It  seems  to  me  that  this 
cur\'e  is  based  on  the  assumption  that  the  B.  t.  u.  per  candle 
vary  directly  with  the  candle-power  per  gallon.  This  assump- 
tion is  true  only  when  measured  at  the  inlet  of  the  holder;  it 
is  not  true  when  measured  a  mile  from  the  works  in  June  and 
again  in  February.  In  water  gas,  you  get  about  28  B.  t.  u. 
per  candle.  If  you  take  the  benzol  out  of  this,  the  factor  will 
change  strongly. 

Dr.  a.  C.  Humphreys  (New  York) :  Having  keenly  in 
mind  that  our  work  is  interpreted  for  us  by  Public  Service 
Commissions  and  others,  may  I  ask  if,  in  these  calculations, 
it  has  been  discovered  that  there  is  an  absolute  candle-power, 
in  candles  per  feet?  I  think  it  would  be  very  unfortunate  if 
it  got  on  our  records,  to  give  the  impression  to  those  who  are 
telling  us  how  to  work,  that  there  is  a  definite  relationship  be- 
tween candle-power  and  B.  t.  u.,  whether  it  is  coal  gas  or 
water  gas  or  any  other  kind  of  gas. 
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The  Chairman:  To  whom  is  your  question  addressed, 
Dr.  Humphreys? 

Dr.  Humphreys:  I  am  not  asking  a  question,  I  am  stat- 
ing facts,  that  is  all.    Mr.  Waring  can  answer,  if  he  likes. 

Mr.  Waring:  In  answer  to  that  question,  I  positively 
stated  that  there  was  no  relation  between  candle-power  and 
heating  value. 

Dr.  Humphreys:  I  have  now  just  what  I  want,  because, 
unquestionably,  without  some  such  definite  statement,  having 
in  mind  my  experience  with  a  certain  kind  of  expert  and 
those  who  listen  to  this  kind,  it  might  be  possible  to  present 
a  plausible  argument,  based  upon  that  discussion,  in  support 
of  the  proposition  tliat  there  is  such  a  relation.  There  has  al- 
ready been  a  good  deal  said  about  candle-power  and  candle- 
feet  that  might  be  taken  to  indicate  that  these  are  positive 
values,  without  regard  to  how  these  values  were  obtained. 

Mr.  a.  M.  Barnes  (Cambridge,  Mass.):  There  is  one 
feature  of  this  discussion  as  to  the  relation  of  candle-power 
and  B.  t.  u.,  or  heating  value,  that  has  not  been  touched  upon, 
and  it  seems  to  me  it  is  a  very  important  one.  I  think  we 
are  all  agreed  that  the  heating  value  is  the  more  important 
question  to  be  considered  in  determining  the  basis  on  which 
gas  should  be  manufactured  and  sold,  and  it  seems  to  me  to 
be  a  generally  accepted  belief  that  the  gas  manufacturer  or 
gas  engineer  can  work  more  easily  by  the  B.  t.  u.  standard  than 
he  can  by  a  candle-power  standard,  but  the  pecuniary  results 
do  not  seem  to  have  been  touched  upon  at  all  What,  if  any, 
appreciable  difference  can  a  gas  engineer  get  in  the  cost  of 
gas  if  he  works  for  calorific  value  rather  than  illuminating 
value  ? 

Mr.  Morehead:  Some  years  ago  we  ran  some  tests  in 
Chicago  to  determine  the  effect  of  oil  on  the  blue  water  gas. 
We  started  and  ran  from  J4  gallon  to  the  i,ooo  up  to  7 
gallons  to  the  1,000.  As  is  well  known  to  all  water  gas  men. 
you  do  not  get  any  candle-power  up  to  2  or  2^  gallons  per 
1,000.    The  gas  burns  clear  until  about  2  or  2j4  gallons,  then 
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begin  to  get  a  fringe  around  the  blue  flame.    An  analysis 
le  gas  would  show  the  oil,  and  the  calorimeter  would  show 
It  as  to  the  candle-power,  the  photometer  would  not  show 
After  about  2^4  to  3  gallons,  the  candle-power  would 
r  very  readily  with  the  oil,  until  you  would  get  up  to  a 
:  where  you  would  get  something  like  28  to  30  candles, 
then  the  further  addition  of  oil  does  not  help  it  much, 
ise  it  all  drops  out  again.    Now,  I  did  not  hear  Mr.  War- 
-I  was  upstairs — but  I  agree  with  him  that  for  the  same 
of  gas  made  under  the  same  conditions,  and  through 
)w  ranges,  there  is  a  certain  sort  of  relationship,  but  if 
5"et  more  than  3  or  4  candles  above  or  below,  your  relation 
not  hold  any  longer;  if  you  have  5  gallons  of  oil  and  24 
ies,  and  you  cut  3  gallons  out,  you  do  not  have  any  light  at 
ind  according  to  his  chart,  you  ought  not  to  have  any 
ng  units  at  all,  giving  you   something  that  would  not 
,  which  we  know  is  not  the  case.    This  is  all  with  refer- 
to  water  gas.    At  one  time  we  had  quite  an  excess  of 
ral  gas  in  Chicago.     We  found  that  we  could  raise  the 
units  in  water  gas  with  natural  gas  without  raising  the 
lie-power  hardly  at  all.    You  can  raise  the  candle-power 
he  use  of  benzol,  or  by  the  use  of  acetylene,  with  scarcely 
increase  in  the  heating  value.     Natural  gas  has    1,000 
units  in  it,  with  practically  no  candle-power.    Acetylene 
240  candle-power  and  only  400  heat  units  per  foot  more 
I  natural  gas.     You  can  increase  the  one  without  increas- 
the  other.     My  contention  was,  that  the  two  factors  you 
from  candle-power  and  B.  t.  u.  are  utterly  dissimilar  and 
^  do  not  go  together.     If  you  increase  one,  you  do  not 
sarily  increase  the  other — you  may  increase  it,  but  not 
any  fixed  relation,  nor  is  there  any  fixed  relation  be- 
"i  B.  t.  u.  and  oil  per  1,000.    You  can  put  in  so  much  oil, 
ood  gas,  or  get  your  machine  so  hot  that  you  will  practi- 
bum  it  all  up  and  you  do  not  get  any  candle-power,  but 
do  get  a  certain  increase  in  your  heat  units.     Within  a 
narrow  range,  with  the  same  kind  of  gas,  he  is  right,  but 
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to  say  that  i8  candle-power  gas  in  water  gas  has  certain  he: 
units,  and  then  to  say  that  the  same  candle-power  in  coal  gs 
or  acetylene,  or  a  natural  gas  enriched  with  benzol  to  i 
candles,  would  all  have  the  same  amount  of  heat  units,  is  n< 
borne  out  by  the  facts  at  all.  We  have  experimented  with  a 
of  these  mixtures  in  Chicago;  we  have  carried  it  all  througl 
trying  to  substitute  acetylene  for  oil. 

Mr.  Jones  :  I  should  like  to  call  attention  to  a  phenomeno 
I  noticed  recently,  that  is,  if  you  mix  a  non-luminous  natun 
g^s,  40  or  50  per  cent,  in  volume,  with  a  13  candle-power  o 
gas,  you  raise  the  candle-power  of  the  gas  to  about  18  candle 
due  to  raising  the  flame  temperature  and  increasing  the  ir 
candescence  of  the  hydrocarbons  of  the  13  candle-power  ga: 
It  is  something  worth  thinking  over. 

The;  Chairman  :  Unless  there  is  some  other  member  wh 
wishes  to  speak  on  this  question,  we  will  pass  to  the  nex 
business. 

REPORT  OF  THE  SECTIONAL  NOMINATING 
COMMITTEE. 

The  Chairman  :  The  Sectional  Nominating  Committe 
has  requested  that  it*^  report  be  submitted  to-day.  If  there  i 
no  objection,  the  report  will  be  received  at  the  present  time. 

Mr.  W.  Cullen  Morris  (New  York):  The  Committe 
has  nominated,  according  to  the  provisions  of  the  Constitu 
tion.  three  names.  They  are:  Mr.  E.  H.  Earnshaw,  o 
Newark,  Mr.  G.  E.  Woods,  of  New  York,  and  Mr.  R.  B 
Brown,  of  Milw^aukee.     (Applause.) 

Mr.  a.  S.  Millkr  (New  York):  I  move  that  the  Secre 
tary  cast  one  ballot  for  these  men. 

There  were  several  seconds  to  the  motion. 

The  Chairman:  That  the  Secretary  be  instructed  to  cas 
one  ballot  for  this  section  for  the  nomination  of  these  thre 
members,  from  whom  the  candidate  for  Vice-President  wil 
later  be  selected  by  the  Nominating  Committee  of  the  Insti 
tute.    All  those  in  favor  will  please  say  aye.     (Ayes.)     Thos 
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ed,  no  .   (No  response.)     Will  you  cast  the  ballot,  Mr. 

tary? 

i  Secretary  stated  that  he  so  cast  the  ballot. 

E  Chairman:    I  announce  that  the  Secretary  has  cast 

illot  as  directed  by  the  Section,  and  that  the  gentlemen 

lated  have  now  been  nominated  as  candidates. 

t  next  business  is  the  paper  "Efficiency  Relation  Existing 

Jen  Various  Argand  and  Open  Flame  Test  Burners,"  by 

.  Gilpin,  of  Philadelphia. 

FICIENCY  RELATION  EXISTING  BETWEEN 
VARIOUS  ARGAND  AND  OPEN  FLAME 
TEST  BURNERS. 

(A)  Introduction. 
ith  the  increased  development  and  use  of  heating,  fuel 
industrial  appliances  and  incandescent  burners,  the 
h  of  a  uniform  heating  value  of  a  gas  has  been  brought 
such  prominence,  that  strict  rules  and  regulations  have 
laid  down  to  ensure  its  accurate  determination  by  instru- 
:s  scientifically  designed  for  the  purpose.  Each  step  of 
>rocess  has  been  separately  investigated  and  limits  estab- 
d  for  its  proper  conduction.  This  can  readily  be  seen  by 
ence,  especially  to  the  reports  of  this  Institute's  Com- 
5e  on  Calorimetry. 

ti  the  other  hand,  efforts  to  establish  a  uniform  method 
letermining  candle-power  have  been  more  or  less  desul- 
and  spasmodic.  To  be  sure,  much  effort  has  been  ex- 
led  in  establishing  methods  of  maintaining  a  uniform 
le-power  and  delivering  a  gas  of  uniform  candle-power 
lat  uttermost  consumer  who  is  still  existing  by  the  light 
ti  open  flame  burner.  But  as  long  as  it  will  be  found 
ssary  to  state  on  what  type  of  burner  candle-power  de- 
inations  are  made,  the  method  of  taking  candle-power 
ot  be  considered  as  a  process  scientifically  accurate  for 
:omparison  of  results  obtained  under  different  conditions 
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of  manufacture,  or  a  true  measure  of  the  photogenic  proper! 
of  the  gas. 

While,  for  calorific  determinations,  instruments  are  use 
that  will  give  the  nearest  approach  to  the  actual  heating  pow< 
of  the  gas,  candle-power  determinations  are  usually  made  o 
types  of  commercial  burners  that  fail  to  do  the  same  for  tl" 
light-giving  power.  In  fact  it  is  at  times  specified  that  tl 
test  burner  shall  be  one  available  to  the  consumer,  with  tl 
result  that  the  manufacturer  of  gas  in  one  locality  is  place 
at  a  greater  disadvantage  than  in  another,  due  to  the  type  ( 
test  burner  selected.  Some  effort  has  been  made  to  determii 
the  exact  relation  between  candle-power  and  heating  valu 
but  with  indifferent  results.  For  gases  manufactured  fro; 
different  fuels  and  by  different  processes,  this  value  has 
widely  varying  equivalent  that  leads  to  no  certain  result 
though  under  certain  fixed  conditions  and  within  narro 
limits,  the  variation  of  the  two  properties  has  a  more  defini 
relation. 


With  the  increase  of  purchase  by  specification,  and  of  regi 
lation  by  commission,  it  becomes  increasingly  desirable  th; 
more  exact  scientific  bases  be  developed  for  all  classes  ( 
testing.  Throughout  the  United  States,  many  types  of  bun 
ers  of  widely  varying  efficiency  are  used  in  determining  tl 
candle-power  of  commercial  gas.  This  efficiency  depends  rn 
only  on  the  type  of  burner,  but  also  on  the  quality  of  the  g< 
to  be  tested  and  the  exact  condition  of  the  test.  In  cons< 
quence  of  the  large  number  of  burners  available  and  used  fc 
|H  testing  gases  and  the  uncertainty  of  the  relative  values  ol 

tained  by  the  different  types,  this  paper  will  endeavor  to  sho^ 
the  approximate  relative  values  obtained  on  certain  of  th 
more  efficient  test  burners  when  used  on  coal,  water  an 
mixed  gases. 

Mr.  C.  O.  Bond,  in  the  Proceeedings  of  this  Institute,  190! 
p.  396,  gives  the  following  list  of  burners  as  being  in  us 
throughout  this  country  for  testing  gas  candle-power: 
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"Excavated  Head  6  ft.,  7  ft.  and  8  ft. 

Bray  L.  P.  7  ft.,  8  ft..  Union  Jet,  6  ft.  Special  and  No. 

5  Union  Jet. 
Bray  H.  P.  8  ft. 

Laubach  &  Hilpert  Excavated  Head. 
Sugg  Table  Top. 

Sugg  Argands  "D,"  old  and  new  style,  "E"  and  "F." 
No.  2  Metropolitan  Argand."     (Carpenter  patent.) 

(B)  Methods  of  Determining  Candle-Power. 

Before  considering  the  relations  between  the  various  test 
burners,  a  brief  discussion  of  the  method  of  taking  the  candle- 
power  of  gas  can  be  very  profitably  taken  up. 

The  method  of  determining  the  photogenic  power  of  a  gas 
is  by  comparing  the  gas  as  burned  at  a  rate  of  5  cu.  ft.  per 
hour  in  a  test  burner,  either  directly  or  indirectly  with  one  of 
several  so-called  primary  standards,  by  means  of  a  photo- 
meter bar. 

Aside  from  errors,  due  to  incorrect  adjustment  of  the  pri- 
mary or  secondary  standards  and  personal  equation,  there 
are  errors  incident  to  the  test  burner  itself.  These  variables 
will  be  taken  up  separately  later,  but  mention  of  the  following 
may  be  made  here ;  improper  setting  on  the  bar  with  respect 
to  the  zero  mark ;  burner  or  chimney  or  both  not  set  vertical 
or  concentric  with  the  flame,  causing  irregular  flame  shape 
and  "ghosts";  improper  adjustment  of  the  rate  and  (for  Ar- 
gand  burners  particularly)  wrong  size  of  chimney. 

Out  of  the  large  number  of  burners  that  could  be  used  for 
testing  the  candle-power  of  gas,  by  far  the  greater  number 
can  be  discarded  as  poor  in  manufacture  and  exceedingly  in- 
efficient. The  remaining  types  are  divided  into  two  classes — 
open  flame  and  Argands.  Of  these,  the  open  flame  are  more 
suitable  for  gases  of  20  candles  and  over  and  the  Argands  for 
leaner  gases,  particularly  coal  gas. 

Open  Flame  Burners. — Fig.  i  shows  five  types  of  open 
flame  burners  which  give  a  reasonably  high  efficiency  for  their 
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class  on  all  gases.  Inasmuch  as  this  type  of  burner  permi 
unrestricted  free  access  of  air  to  the  flame,  up  to  a  certa 
limit,  a  lower  efficiency  may  be  expected  than  for  bume 
haying  a  more  restricted  air  supply,  such  as  the  Argand  typ 
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Fig,   1.— Open  flame  burners.     Page  3. 

When  the  gas  becomes  so  rich  that  the  air  supply  of  the  Ar- 
gand burner  becomes  insufficient  for  combustion  without 
smoking,  the  open  flame  will  show  the  higher  efficiency.  In 
order  to  restrict  somewhat  the  air  supply  to  the  base  of  the 
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flame,  the  Sugg  "table  top"  burner  is  designed  with  a  flat  cir- 
cular area  to  deflect  the  air  to  the  outside  of  the  flame.  The 
lower  the  pressure  necessary  to  obtain  the  requisite  flow  of 
gas  through  the  tip  and  consequently  the  lower  the  speed  at 
which  the  gas  leaves  the  slit  or  orifice,  the  less  air  there  will  be 
entrained  at  the  base  of  the  flame,  with  a  resultant  higher 
efficiency  of  the  burner.  Of  course,  for  very  rich  gases  this 
air  entrainment  is  necessary  to  bum  the  gas  without  smoking, 
or  else  a  smaller  burner  might  be  used  that  permits  equal  access 
of  air  to  a  smaller  amount  of  gas — i.  e.,  for  a  40  to  50  candle- 
power  oil  gas,  a  i%-h»  tip  is  used  instead  of  the  usual  7  or 
8  ft.  tip. 

From  various  tests  made  on  open  flame  burners,  especially 
of  the  excavated  head  type,  it  has  been  found  that  there  can  be 
obtained  from  a  commercial  package  about  50  per  cent,  of 
burner  tips  that  will  vary  less  than  i  per  cent,  plus  or  minus 
from  the  mean  candle-power  of  those  mechanically  perfect. 

Argand  Burners, — In  Fig.  2  are  shown  three  types  of  Sugg 
Argand  burners,  the  "D"  low  and  "D"  high  cone  and  "F"  high 
cone  and  the  Carpenter  patent  No.  2  Metropolitan  Argand 
test  burner.    The  "D"  and  "F"  Suggs  are  two  of  a  series 
which  run   from  "A"  to  "NN,"   each  letter  having  a  cor- 
responding consumption,  and  the  construction  of  which  is  so 
designed  as  to  admit  the  proper  air  supply  necessary  to  con- 
sume coal  gas  of  about  16  candle-power  (as  determined  on 
that  burner)  at  the  scheduled  rate.     Accordingly,  each  burner 
should  be  supplied  with  the  particular  size  of  chimney  specified 
for  use.    As  the  candle-power  of  the  gas  must  be  determined 
at  a  5  ft.  per  hour  rate  of  consumption,  one  is  practically 
limited  to  the  three  burners  shown.     The  "D"  burner  is  fitted 
with  a  steatite  tip  containing  24  No.  54  Morse  drill  holes  and 
the  "F"  with  30  No.  53  Morse  drill  holes.     The  high  and  low 
cone  burners  differ  principally  in  the  height  of  the  top  of  the 
steatite  tip  above  the  base  of  the  burner,  the  high  cone  being 
.  one  inch  higher  than  the  low  cone,  with  consequent  greater 
resistance  to  the  inner  air  supply. 
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The  No.  2  Metropolitan  Argand  burner  is  a  scientifically 
designed  "D"  type  burner,  having  a  shutter  which  regulates 
the  air  supply  to  the  inner  and  outer  primary  air  channels,  ad- 
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Fig.  2, — Argand  burners.     Page  5. 

justable  according  to  the  richness  of  the  gas.    It  stands  to  rea- 
son, however,  that  a  burner  whose  air  supply  is  so  restricted 
as  to  raise  its  comparative  efficiency  on  a  lean  gas,  will  fail  as  a  . 
test  burner  at  an  earlier  point  in  the  enrichment  series,  each 
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r  reaching  its  maximum  when  a  balance  is  obtained 
en  its  normal  maximum  air  supply  and  the  air  requited 
:  gas  for  most  efficient  combustion.  In  the  No.  2  Metro- 
1  Argand,  this  regulation  for  most  efficient  combustion 
i  obtained  within  quite  wide  limits,  so  that,  as  is  natural 
)ect,  such  a  burner  will  attain  higher  efficiencies  on  all 
up  to  its  maximum  limit  than  less  scientifically  designed 
rs.  In  fact,  the  No.  2  Metropolitan  burner  is  the  only 
imer  obtainable  (if  we  except  the  Bengel  and  St.  Claire 
e  burners  of  the  French  and  the  Grafton  of  the  English) 
5  not  a  converted  commercial  burner,  but  a  burner  de- 
I  especially  for  testing. 

(C)  Uniformity  and  Variation  of  Burners. 

le  from  the  difference  of  efficiency  obtained  from  bur- 
)f  different  types,  there  arise  smaller  or  greater  errors 
)  differences  of  efficiencies  in  burners  of  the  same  type. 
s  is  not  included  the  increase  or  decrease  of  efficiency 
)  age — an  element  more  or  less  dependent  on  the  care 
of  the  burner  while  in  use  or  storage.  This  error  is 
readily  discovered  and  corrected  in  the  open  flame  burner 
n  the  Argand.  In  an  open  flame  burner,  the  gas  supply 
is  generally  affected  by  poor  or  careless  workmanship, 
in  the  Argand  type,  slight  variations  in  the  sizes  and 
sions  of  the  cast  parts  and  their  relative  positions  may 
inge  the  air  channels  as  materially  to  affect  the  efficiency 
mbustion.  These  details  of  construction  cannot  be  de- 
without  a  minute  check  of  all  measurements  and  com- 
n  of  same  between  burners. 

:he  following  table  are  shown  comparative  data  obtained 
several  Sugg  "D"  low  cone  burners  on  coal  gas  and 
gas. 
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"I 


I 


Corrected  candle-power 

I  St. 

2  nd. 

rncr  No. 

Coal  gas 

Coal  gas 

Water  gas 

I 

I2.0 

12.5 

19.4 

2 

12.0 

— 

19.4 

3 

I2.0 

— 

18.7 

4 

13-4 

13.4 

Smoky 

5 

II-3 

12.7 

17.3 

6 

II.8 

12.6 

18.4 

7 

12.0 

12.5 

19.0 

8 

12.4 

12.5 

— 

9 

12.6 

12.8 

Smoky 

lO 

I2.0 

12.4 

Smoky 

Of  the  above  burners  Nos.  i,  2,  3  and  4  were  of  America 
make  and  Nos.  5,  6,  7,  8,  9  and  10  English.  Nos.  i,  2  and 
were  supposedly  absolutely  similar,  while  Nd.  4  was  so  a 
sembled  as  to  reduce  the  inner  primary  air  supply  with  coi 
sequent  increase  of  efficiency  on  lean  gases  and  lower  max 
mum  candle-power  on  which  the  burner  could  be  used.  Tl 
body  castings  of  the  American  burners  are  of  brass  and  thoi 
of  the  English  are  of  a  white  metal  of  low  melting  point 

It  will  be  noted  that  the  results  obtained  on  the  second  ru 
on  coal  gas  show  more  uniform  results  than  the  first  tes 
This  is  due  to  two  causes:  (a)  number  of  spacing  wash© 
used  and  (b)  length  of  time  burning  at  proper  consumptioi 

In  the  first  coal  gas  test,  the  burners  were  photometered  wit 
the  number  of  washers  as  found.  The  washer  question  wj 
investigated  because  of  the  great  discrepancies  observed  i 
burners  apparently  identical  in  construction.  It  was  foun 
that,  although  the  number  of  washers  for  maximum  efficienc 
could  be  changed  so  as  to  vary  the  burner  pressure  1.5/10  t 
2.0/10  in.  from  the  mean,  if  the  number  was  increase 
or  decreased  beyond  these  limits  while  still  burning  5  cu.  f 
per  hour,  the  efficiency  of  the  burners  fell  off  markedly.  Th 
burners,  therefore,  were  all  adjusted  with  the  number  c 
washers  that  gave  the  mean  reading  between  the  upper  an 
lower  limits. 

In  order  to  obtain  a  comparison  of  different  Metropolita 
burners,  where  the  possibility  of  imperfect  and  persond  errc 
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of  adjustment  may  enter,  two  new  burners,  Nos.  1507  and 
15:25,  were  obtained  to  check  against  two  old  burners,  Nos.  329 
and  348.  Two  tests  were  made  on  coal  gas,  six  days  apart, 
and  one  on  a  mixed  gas,  the  results  of  which  are  given  in  the 
following  table. 

Coal  gas 


mers  No. 

1st  test 

2nd  test 

Mixed  gas 

329 

19.2) 

16.8) 

21.5) 

348 

-19. 1 
19.0  J 

16.85 
16.9 

21.55 
2r.6j 

1,507 
1.525 

18.6) 

18.5 
18.4. 

16.5) 

16.55 
16.6J 

21.0] 

V  21.05 
21. ij 

B.  t.  u.  of 

gas 

606 

581 

635 

This  shows  that  the  burner  should  be  somewhat  aged  in 
order  to  give  uniform  results,  as  a  new  burner  reads  some- 
what lower  than  an  old  one  until  the  passages,  particularly 
the  steatite  tip,  become  saturated,  as  their  scrubbing  action 
may  be  similar  to  new  piping. 

An  interesting  point  in  the  adjustment  of  a  No.  2  Metro- 
politan burner  is  shown  below.  The  consumption  was  set  at 
5  ft.  and  the  flame  adjusted  to  different  heights  by  the  air 
shutter,  candle-power  being  taken  at  various  heights  from 
3  in.  up  until  the  flame  smoked. 

Height  of  flame  Candle-power 
3'''  12.0 

1%'^  13.6 

lYi''  14.9 

iM''  to  iT  15.8 

^yi''  to  4>^^  16.4 

5^  to  smoking.  16.4 

ITie  height  of  the  last  three  readings  are  given  between 
limits  as  the  flame  tails  out  considerably  as  the  air  supply  is 
cut  down.  The  results  show  that  there  is  a  variation  of  about 
34  in.  in  the  flame  height  permissible  at  its  upper  limit,  where 
no  appreciable  difference  in  candle-power  will  be  noted,  and 
ntdlifies  to  a  certain  extent  the  difference  in  judgment  of  dif- 
ferent observers  as  to  the  correct  "just  below  smoking"  point. 

As  to  the   heating-up   effect,   the   same   general   result   is 
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obtained  with  test  burners  as  with  various  types  of  flame  stac 
ards,  the  light  emitted  becoming  constant  after  about  5  01 
minutes  burning  at  its  correct  consumption.  Several  runs  w< 
made  with  the  initial  condition  of  the  burner  both  cold  a 
overheated.  In  each  case,  the  consumption  was  adjusted 
exactly  5  cu.  ft.  before  the  test  commenced.  In  the  heating  tc 
the  burner  was  adjusted  hot  and  turned  out.  After  coolir 
the  burner  was  relighted  and  readings  taken  rapidly  for  o 
minute,  after  which  readings  were  taken  every  half  mint 
until  they  reached  a  constant  value.  On  the  cooling  test,  t 
burner  was  considerably  overheated  by  burning  through 
separate  supply  without  chimney  in  place. 

Candle-power 
Test  Heating  up  Cooling  down 

r  9.5  14.8 

,       .      ^  10.4  14.6 

1st  minute {         \  ^ 

j  II.  I  14.6 

1^11.5  14.1 

2nd  ...: II-8  »3-9 

2}^    12.1  13.5 

3rd 12.2  13.5 

3>^    '2.2  12.9 

4th   12. 1  12.8 

4>^    12. 1  12.8 

Note:— Tests  made  ou  different  gas  samples. 
This  shows  that  a  burner  should  burn  at  its  correct  rate 
least   5   minutes   before   observations   are  begun.     For  tl 
No.  2  Metropolitan  burner,  15  minutes  is  specified  in  the  ii 
structions  for  use. 

(D)  Effect  of  Varying  Consumption. 
As  might  be  expected,  on  any  appliance  having  a  fixed  < 
restricted  air  supply,  the  efficiency  will  not  remain  the  san 
on  all  consumptions,  nor  will  the  consumption  for  ma 
imum  efficiency  remain  the  same  for  gases  of  varying  degre 
of  richness  in  those  constituents  that  create  the  luminous  c 
fects.  In  Fig.  3  horizontal  candle-powers  corrected  to  a  ra 
of  5  cu.  ft.  per  hour  of  an  8  ft.  E.  H.  tip,  a  Sugg  "D"  lo 
cone,  a  Sugg  "D"  high  cone,  a  Sugg  "F"  high  cone  and  a  No. 
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Metropolitan  burner  are  plotted  against  uncorrected  observed 
consumptions  between  3  and  6  cu.  ft.  per  hour.  From  the 
theory  of  the  burner,  the  temperature  and  barometer  changes 
(assuming  constant  humidity  percentage)  will  not  affect  the 
efficiency,  as  the  relative  actual  volumes  of  gas  and  air  will  be 
affected  equally,  so  that  the  gas-air  ratio  will  remain  con- 
stant for  that  burner.  However,  as  the  consumption  is  in- 
creased relative  to  the  fixed  air  supply,  the  efficiency  of  the 
burner  will  increase  until  ^n  air-gas  ratio  is  reached  that  gives 
a  maximum  efficiency,  after  which  the  efficiency  will  fall  off. 
Now,  as  a  richer  gas  is  used  and  a  greater  amount  of  air  is 
required,  that  point  of  maximum  efficiency  will  occur  at  a 
lower  consumption,  and  if  the  gas  is  sufficiently  rich,  it  will  be 
impossible  to  burn  it  in  the  burner  at  the  required  rate  for 
photometric  purposes,  owing  to  insufficient  air  supply.  From 
the  curves,  it  can  be  seen  that  the  test  burners  there  shown, 
give  their  maximum  efficiency  at  the  5  cu.  ft.  per  hour  rate 
for  one  gas  only,  the  lean  gases  being  on  the  ascending,  and 
the  richer  gases  on  the  descending,  portions  of  the  respective 
curves. 

The  errors  which  enter  into  a  photometric  observation 
taken  on  a  burner  when  on  an  ascending  or  descending  portion 
of  the  curve,  may  be  greatly  aggravated  by  slight  variations  in 
the  consumption  from  the  exact  rate.  Also,  as  the  curve  be- 
comes steeper  the  further  the  point  on  it  lies  from  the  max- 
imum, the  closer  the  observed  consumption  should  lie  to  the 
exact  amount  of  5  cu.  ft. 

By  drawing  a  line  through  the  points  of  maximum  ef- 
ficiency of  each  burner,  points  can  be  determined  for  the  con- 
sumption giving  the  maximum  efficiency  on  gases  of  varying 
richness,  or  on  what  candle-power  of  gases  each  burner  will 
give  its  maximum  efficiency  at  the  5  cu.  ft.  per  hour  rate. 

The  lines  so  drawn,  show  clearly  that  the  Argand  burners, 
as  at  present  designed,  are  distinctly  for  use  on  coal  gas  from 
12  to  18  candles,  as  observed  on  these  burners  when  burned 
at  a  5  cu.  ft.  rate.    On  the  other  hand,  however,  certain  sizes 
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(7  ft.  and  8  ft.  tips)  of  open  flame  burners  continue  to  show 
a  maximum  efficiency  close  to  the  5  cu.  ft.  rate  on  all  gases. 
For  the  smalkr  sizes,  this  rate  is  lower,  and  for  the  larger, 
the  rate  higher  than  5  cu.  ft.  per  hour.  The  confusion  of 
curves  existing  at  times  at  the  normal  burning  rate  will  show 
why  it  is  at  times  difficult  to  determine  the  burner  best  suited 
for  the  gas,  and  the  apparent  paradoxes  and  conflicting  re- 
sults on  burners  of  different  types  giving  about  the  same  ef- 
ficiency at  that  point.  The  "F"  size  Sugg  Argand  is  designed 
for  a  consumption  of  6j4  cu.  ft.  per  hour,  corresponding  to 
the  5  ft.  rate  of  the  "D"  size,  a  point  brought  out  by  the 
curves  in  Fig.  3.  The  adjustable  feature  for  the  inner  air 
supply  of  the  Carpenter  burner  flattens  its  curve  somewhat 
and  decreases  the  angle  between  its  maximum  efficiency  line 
and  the  ordinate  axis. 

(E)  Comparison  of  Various  Burners  on  Coal,  Water 
AND  Mixed  Gases. 

In  Figs.  4, 5  and  6  are  shown  curves  of  candle-power  obtained 
on  coal,  water  and  mixed  gases  from  Sugg  Argands  "D"  (high 
and  low  cone),  "F"  (high  cone),  No.  2  Metropolitan  burner 
and  8  ft.  E.  H.  tips.  On  the  mixed  gas  chart  (in  addition) 
No.  7  L.  P.  and  H.  P.  Bray  Union  Jet  burners  are  shown. 
The  basis  of  all  the  readings  is  the  candle-power  obtained 
from  the  8  ft.  E.  H.  tip,  as  that  was  found  to  be  among  the 
most  efficient  of  open  flame  burners  and  was  subject  to  fewer 
variables  in  determining  candle-power,  although  at  the  same 
time,  less  efficient  than  the  Argands.  This  plotting  makes  it 
more  readily  possible  to  determine  the  gain  in  candle-power 
obtainable  by  using  one  of  the  Argands.  In  the  actual  plot, 
results  obtained  from  the  8  ft.  tip  are  shown  by  a  straight 
45  d^.  line,  starting  at  the  origin. 

The  points  on  the  curves  were  obtained  by  various  means 
Straight  works  coal  gas  was  used  for  some  points  and  the 
same  gas  mixed  with  varying  proportions  of  air  up  to  20  per 
cent,  was  also  used. 
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Fig.  5-     Page  39  »• 
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Mixtures  of  coal  gas  and  methane  (natural  gas)  were  tried, 
but  the  results  obtained  differed  so  widely  (owing  to  large 
amount  of  air  required  for  combustion),  that  they  could  be 
treated  only  as  extraordinary  conditions.  On  mixtures  con- 
taining as  low  as  20  per  cent,  natural  gas,  it  was  found  that 
the  Argand  burners  could  not  be  used  without  flaming  at  the 
top  of  the  chimney. 

The  water  gas  variations  were  obtained  from  the  works 
make,  mixtures  of  rich  carbureted  water  gas  and  blue  water 
gas  and  mixtures  of  carbureted  water  gas  and  air. 

The  mixed  gas  variations  were  obtained  by  mixing  stand- 
ard samples  of  coal  and  water  gas  in  various  proportions  and 
by  mixtures  of  rich  mixed  gas  and  air. 

All  candle-power  determinations  were  made  on  a  regular 
60  in.  bar  photometer  against  a  pentane  lamp  standard.  The 
burners  were  selected  as  the  average  of  those  at  hand  in  first 
class  condition  and  showing  a  high  average  candle-power. 
Inasmuch  as  6  in.  and  7  in.  chimneys  are  supplied  for  the 
Sugg  burners  by  the  agents,  the  relative  advantages  of  the 
two  types  were  first  ascertained,  with  the  following  results: 

The  6  in.  chimney  gives  the  best  efficiency  on  the  "D"  burn- 
ers up  to  about  16  candles,  above  which  the  7  in.  chimney  be- 
comes  the  most  efficient.  For  the  richer  gases,  such  as  car- 
bureted water  gas  of  18-22  candles,  the  7  in.  chimney  was 
found  necessary  in  order  to  burn  the  gas  at  all  without  smok- 
ing. With  the  "F"  burner  the  6  in.  chimney  gave  results  only 
slightly  different  from  the  7  in.  over  the  entire  range  shown. 

As  it  was  found  impracticable  without  enormous  expendi- 
ture of  time  to  obtain  similar  curves  for  all  open  flame  burn- 
ers, a  sample  of  each  of  a  large  number  of  types  was  tested 
on  one  sample  each  of  coal,  mixed  and  water  gases  at  the 
established  5  ft.  rate.  The  results  obtained  from  the  most 
efficient  sizes  of  each  type  are  tabulated  on  the  following 
page. 
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Make  Type 

Von  Schwarz Excavated  head 


Bray 

Bray 

Bray  ... 
Bray 


H.  P.  slit  union 

L.  P.  slit  union 

H.  P.  union  jet. 

L.  P.  union  jet- 


Size 

7 

S 

ID 

8 
7 
7 
8 

7 
8 

7 
8 
8 

9 
Gas  Tip  &  S.  L.  Co.  .Aluminum 7 

S 
Sugg Table  top 5 

6 
Sugg Governor  • 5 

6 

Metropolitan   ...  ....  No.  2 

Sugg  * '  D' ' Low  cone 

High  cone 

Sugg  *'F'* High  cone 


Bray Market . 


Coal  gas 

12.8 
13-2 
139 
12.9 
12.6 
12.6 

13-5 
12. 1 
12.8 

12.5 
11.9 
12.2 
12.2 
12.5 
12.7 
13-4 
14.1 
13-2 
13-3 
17.8 
15-6 
15.8 
16.0 


Mixed  fas  'Wate 


17-8 
18.2 
18,1 
175 
>7.5 
17.4 
18.3 
17.5 
J7.7 
16.7 
16. 1 
'6.5 
[6.1 
17.2 

»7.3 
16.1 

17.1 

17.1 

17.0 

21.1 

(8.1 
17.8 
18.2 


2C 
3C 
3] 
2C 
'5 
15 
2C 

'S 
2C 

iS 

17 
it 

i€ 

21 
31 

iS 

i£ 

2C 
3C 
31 
2G 

IS 
2C 


By  comparing  the  list  on  page  386  with  the  above  table 
can  be  readily  seen  where  differences  of  operating  res 
might  arise. 

In  view  of  the  fact  that  the  ctirves  of  the  various  bun 
do  not  bear  any  direct  relation  to  each  other,  it  was. thou 
possible  that  one  of  the  burners  might  bear  a  more  defi 
relation  to  the  heating  value  than  the  others.  Accordin 
the  points  obtained  on  various  mixtures  of  coal  and  w; 
gases  were  plotted  in  Fig.  7.  The  dispersion  of  points  is  e 
greater  than  before,  although  a  definite  trend  can  be  obser 
for  each  bumer,  as  shown  in  the  broken  curves  traced.  H< 
ever  it  is  obvious  that  this  method  must  fail  where  the  a 
position  of  the  gas  is  such  that  the  increase  of  heating  v« 
is  due  to  a  saturated  hydrocarbon  whose  photogenic  xi 
is  lower  than  the  average,  or  even  negligible.  In  fact,  j 
vious  efforts  along  this  line  have  shown  that  even  for  cloi 
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related  gases  made  by  the  same  process,  the  relation  between 
heating  value  and  candle-power  value  is  not  by  any  means  a 
definite  ratio,  although  it  can  be  approximated.  Also,  the 
burners  here  show  the  same  relative  efficiencies  as  were  given 
on  the  curves  for  the  individual  gases.  The  offsets  in  the 
curves  can  possibly  be  accounted  for  by  reference  to  the  coal 
and  water  gas  curves.  The  curve  itself  is  a  combination  of  the 
two  (coal  and  water  gases)  which  do  not  coincide ;  the  offset  is 
probably  the  connecting  link  between  the  two.  In  spite  of  the 
fact  that  a  curve  may  be  assimied,  the  dispersion  of  the  in- 
dividual points  shows  how  hazardous  a  proceeding  it  would 
be  to  try  to  deduce  candle-power  from  B.  t.  u.  or  vice  versa. 

(F)  Effect  of  Humidity  on  Flame  Burners. 

It  has  been  stated  by  various  authorities  that,  where  candle- 
power  determinations  are  made  with  flame  standards  and  flame 
test  burners,  the  relative  humidity  corrections  of  the  two  create 
a  negligible  error.  To  ascertain  if  such  were  the  case,  several 
tests  were  made  on  the  Sugg  "D"  (high  and  low  cone),  the 
No.  2  Metropolitan  and  an  open  flame  burner,  to  determine 
approximately  the  correction  to  be  made  on  each  for  increase 
of  atmospheric  humidity  above  the  assumed  normal  of  8  liters 
of  water  vapor  per  cubic  meter  of  dry  air.  Inasmuch  as  the 
determinations  were  made  in  the  summer  time  when  the 
humidity  content  of  the  air  is  high,  the  lower  values  (3  to  10 
liters)  could  be  satisfactorily  obtained  only  on  rare  occasions 
by  artificial  means.  In  all  cases,  the  results  were  so  compar- 
able that  this  may  be  considered  an  unimportant  detail. 

Determinations  were  made  on  coal  gas  against  an  electric 
standard,  the  test  burner  being  enclosed  in  a  chamber  in  which 
the  humidity  of  the  air  supply  could  be  raised  at  will  and  kept 
constant  for  a  sufficient  length  of  time  to  obtain  a  series  of 
readings  under  practically  constant  conditions. 

In  the  results,  the  value  of  "a"  is  determined  for  the  for- 
mula : 
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I,  -    I«  [i  --   a(^  — 8.0)] 
where  I„  =  horizontal  intensity  at  8  liters. 
I,  =         **  **  ''  e  liters. 

e  =  observed  liters  H,0  per  cu.  m.  of  dry  air. 
a    --  constant. 

The  following  approximate  values  of  **a"  were  obtained  as 
the  mean  of  the  results  from  at  least  four  sets  of  observations. 

Open  flame a  —  0.0060 

Sugg  **D**  low  cone 0.0063 

Sugg  **D"  high  cone 0.0061 

No.  2  Metropolitan 0.0046 

As  the  Bureau  of  Standards  gives  a  value  of  "o"  for  the 
pentane  lamp  of  0.00567,  it  will  be  seen  that  the  premise  of 
the  relative  humidity  correction  being  a  negligible  amount  is 
sustained. 

Before  the  International  Photometric  Commission,  Messrs. 
Patterson,  Haldane  and  Trotter  presented  a  communication 
giving  approximate  corrections  which  are  given  below : 

Harcourt  pentane  lamp a  —  0.00625 

Hefner  Amyl  Acetate  lamp 0.00625 

No.  2  Metropoliian 0.00500 

Flat  flame 0.00910 

Sperm  candle 0.00200 

Conclusion. 

The  question  of  the  final  selection  of  a  method  for  testing 
the  candle-power  of  a  gas  may  be  approached  from  two  sides. 
In  one  case,  the  scientific  requirements  demand  the  most  effi- 
cient instrument  for  the  purpose,  and  in  the  other,  the  com- 
mercial considerations  require^  the  use  of  simpler  apparatus 
which  shall  cover  the  greatest  range,  and  at  the  same  time, 
entail  the  least  liability  to  error. 

The  scientific  basis  appears  the  more  logical.  In  determin- 
ing the  quality  or  characteristics  of  any  substance,  the  scien- 
tific spirit  requires  us  to  use  the  method  that  is  best  adapted  to 
develop  the  maximum  amount  of  the,  particular  quality  or 
characteristic   that   is  being  measured.     In   determining   the 
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salinity  of  a  liquid,  we  use  the  method  that  brings  out  all  of 
the  salt  in  the  liquid ;  in  determining  the  heating  value  of  a  gas, 
we  endeavor  to  develop  all  of  the  heat  the  gas  is  capable  of 
producing.  If,  in  any  such  case,  a  new  method  is  devised 
which  develops  a  larger  amount  or  degree  of  the  quality  that 
is  being  measured,  we  are  bound,  from  scientific  considerations, 
to  adopt  this  new  method  as  being  more  accurate  and  correct 
in  its  determination  of  the  particular  quality. 

Now,  of  course,  the  method  so  far  discovered,  that  gives  the 
greatest  amount  of  light  from  a  given  gas  is  the  method  of 
incandescence,  the  gas  being  fed  under  high  pressure.  This 
method,  however,  is  beyond  tbe  scope  of  this  paper,  which 
deals  with  the  methods  of  developing  the  light-giving  qualities 
of  gas,  with  the  principle  of  incandescence  excluded.  It  fol- 
lows, that  in  making  this  determination  we  should  use,  for 
each  kind  of  gas,  the  method  and  apparatus  that  will  develop 
all  of  the  light-giving  power  of  which  the  gas  is  capable.  Of 
the  burners  now  available,  the  No.  2  Metropolitan  or  Carpenter 
burner,  from  the  fact  that  in  this  country  there  are  very  few . 
cities  in  which  a  gas  is  distributed  that  is  too  rich  to  be  burned 
correctly  in  it,  best  fulfills  this  condition.  In  those  few  cities 
using  natural  gas  or  other  very  lean  gases,  naturally  nothing 
but  incandescent  burners  are  in  use,  and  this  question  is  not 
raised. 

It  still  remains  for  some  one  to  devise  a  burner  that  will 
show  a  maximum  efficiency  throughout  the  usual  range  of 
richness.  The  maximum  efficiency  attainable  with  burners 
at  present  available  may  be  surpassed  by  a  burner  to  be  devised 
in  the  future. 

Such  a  burner  should  also  give  its  maximum  efficiency  on 
all  gases  at  the  same  rate,  or  else  the  method  should  be  fol- 
lowed of  maintaining  a  constant  intensity  by  varying  the  con- 
sumption and  seeking  a  minimum  consumption. 

Where  a  dual  system  of  standards  is  enforced,  the  burner 
should  be  chosen  that  will  vary  most  in  proportion  to  the  cal- 
orific value.    And  it  may  be  possible  that  for  any  one  type  of 
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gas,  where  the  method  of  manufacture  remains  the  same,  a 
burner  might  be  designed  td  vary  the  candle-power  in  pro- 
portion to  the  B.  t.  u. 

The  author's  thanks  are  due  to  Messrs.  J.  L.  Entwisle  and 
D.  V.  L.  Downs  for  their  assistance  in  the  photometric  work. 

(Mr.  Gilpin  read  an  abstract  of  his  paper.) 
(Mr.  H.  L.  Underbill  (New  York)  in  the  Chair.) 
The  Acting  Chairman  :    Mr.  Gilpin's  paper  is  now  open 
for  discussion. 

Mr.  C.  W.  Hinman  (Winchester,  Mass.)  :  We  have  prac- 
tically had  this  question  up  ever  since  the  discovery  of  gas.  I 
have  found  it  quite  a  question  in  my  career.  There  are  two 
methods  of  using  test  burners.  One  is  to  specify  one  partic- 
ular burner  to  be  used  in  testing  all  sorts  of  gas,  and  the  other 
is  to  specify  the  burner  that  is  best  adapted  to  the  gas.  In  the 
year  1880,  the  Massachusetts  Legislature  adopted  my  recom- 
mendations that  the  gas  be  tested  with  the  burner  best  adapted 
to  it  and  at  the  same  time  suitable  for  domestic  use.  That 
wasn't  a  very  bad  solution  at  that  time,  but  as  years  rolled 
along,  the  result  has  been  that  the  poor  gas  inspector  has  to 
go  around  with  about  half  a  dozen  different  burners  and  two 
different  chimneys,  and  if  the  gas  is  just  about  on  the  estab- 
lished limit,  he  may  spend  all  day  testing  it.  On  the  other 
hand,  if  you  adopt  one  particular  burner  to  be  used  in  testing 
all  gas,  it  does  justice  in  one  case,  but  does  not  do  it  in  another. 
The  chemical  composition  of  the  gas  influences  largely  the 
candle-power  that  you  will  get  from  the  test.  A  burner  that 
might  be  well  adapted  to  a  gas  containing  a  little  nitrogen  and 
carbonic  acid  and  a  large  amount  of  hydrogen  and  marsh  gas 
would  not  be  at  all  adapted  to  a  gas  containing  a  large  quantity 
of  benzol  and  a  correspondingly  large  quantity  of  nitrogen  and 
carbonic  acid,  and  vice  versa.  In  fact,  in  nearly  every  case  to 
get  the  best  results  from  the  gas,  you  have  got  to  have  the  one 
particular  burner  adapted  to  it.  In  other  words,  I  don't  think 
that  there  can  be  any  one  standard  burner. 
26 
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Mr.  M.  E.  Mueller  (Astoria,  Long  Island,  N.  Y.) :  In 
reading  Mr.  Gilpin's  paper  I  became  interested  in  the  curves 
in  Fig.  3,  especially  those  relating  to  the  Sugg  F.  high  cone 
burner,  as  that  is  the  burner  we  use  in  testing  the  candle- 
power  of  our  coal  gas.  On  our  photometer  we  use  a  1/12 
cu.  ft.  meter  and  we  have  always  worked  between  the  limits 
of  58  and  62  seconds  per  revolution  in  taking  candle-power. 
This  corresponds  to  an  uncorrected  rate  of  5.17  and  4.84 
cu.  ft.  per  hour  respectively. 

From  the  curve  for  the  Sugg  F  high  cone  burner  for  gas 
"B,"  which,  from  the  candle-power  on  an  open  flame  burner 
of  12.6,  I  take  to  be  straight  coal  gas,  I  find  the  corrected 
candle-power  on  the  Sugg  F  burner  to  be  15.6  for  the  62  sec- 
ond rate,  and  16. i  for  the  58  second  rate,  a  difference  of  0.6 
candle,  due  to  the  variation  in  the  gas  rate,  generally  consid- 
ered allowable.  This  seemed  surprisingly  large,  and  I  had 
tests  made  on  our  burner  and  photometer,  and  the  results  check 
those  from  the  curve  in  Fig.  3  very  closely,  indeed. 

I  next  considered  the  influence  of  gas  temperature  on  the 
rate  of  consimiption.  Assimiing  in  Fig.  3  that  the  gas  tem- 
perature at  the  meter  was  80°  F.,  the  correction  factor  for 
which  temperature  is  0.946,  the  corrected  rate  at  58  seconds 
per  revolution  would  be  4.89  cubic  feet  per  hour.  At  70''  F. 
and  58  seconds  per  revolution,  the  corrected  rate  would  be  5.04 
cubic  feet  per  hour,  corresponding  to  an  uncorrected  rate  of 
5.32  at  80°  F.  or  one  revolution  of  the  photometer  meter  in 
56.4  seconds. 

In  the  last  two  cases  (temperature  70"*  F. — i  revolution  in 
58  seconds,  and  temperature  80°  F. — i  revolution  in  56.4  sec- 
onds) the  actual  amount  of  gas  burned  per  hour  is  the  same, 
yet  in  one  case  the  rate  is  considered  permissible  and  in  the 
other  not.  According  to  the  curve  for  this  burner,  this  increased 
rate  would  add  another  to  the  candle-power  of  the  gas,  which 
if  the  gas  were  metered  at  70*"  F.  instead  of  at  80*"  F.,  would  be 
allowable.  In  other  words,  a  gas  which  on  a  Sugg  F.  burner 
tests  15.0  candle-power  when  metered  at  80°  F.,  at  the  rate 
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)2  seconds  per  revolution,  will,  if  metered  at  70°  F.  and  at 
seconds  per  revolution,  test  approximately  15.8  candle- 
rer,  assuming,  of  course,  that  no  drop  occurs  due  to  the 
ering  of  the  temperature. 

:  seems  to  me  reasonable,  therefore,  that  in  taking  candle- 
^er  any  restrictions  on  the  gas  rate  should  be  based,  not  on 
observed,  but  on  the  corrected,  rate;  also,  that  the  rate 
iild  vary  not  only  for  different  burners,  but  for  gases  of 
erent  candle-power  tested  in  the  same  burner.    The  ques- 

then  arises  whether  the  most  efficient  rates  for  two  gases 
lie  same  candle-power  are  the  same.  From  Mr.  Gilpin's 
er,  I  gather  that  the  most  efficient  rate  depends  largely  on 
amount  of  air  required  for  combustion,  and  this,  of  course, 

function  of  the  chemical  composition  of  the  gas  and  has 
ling,  or  little,  to  do  with  its  candle-power.  We  seem, 
efore,  to  be  as  far  as  ever  from  making  gas  photometry 
ixact  science. 

list  one  more  point  which  may  be  of  interest.  A  few  years 
we  made  some  tests  with  a  Sugg  F.  burner  by  partially  re- 
:ting  the  flow  of  air  by  covering  the  chimney  with  pieces 
asbestos  board  in  which  holes  of  varying  sizes  had  been 
By  selecting  the  smallest  hole  which  allowed  the  gas  to 
ti  without  smoking,  results  approaching  those  on  a  Metro- 
tan  No.  2  burner  can  be  obtained. 

'he  Acting  Chairman  :    Mr.  Bond,  have  you  anything  to 

P 

Ir.  C.  O.  Bond  (Philadelphia)  :  I  was  very  much  inter- 
d  in  the  remarks  oi  ihe  last  speaker.  It  appears  that,  so 
I  as  the  air  is  controlled,  whether  it  be  at  the  outlet  or 
inlet  of  this  chimney,  you  will  get  equivalent  results.  It 
nteresting  to  have  presented  to  us  the  errors  which  are 
commonly  considered  in  taking  candle-power  with  different 
fiers,  and  I  think  it  fastens  more  deeply  upon  us  the  obli- 
on  to  decide  on  a  standard  burner,  so  long  as  we  are  even 
>art  on  a  candle-power  basis.     If  this  paper  shows — and  it 
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seems  to — that  the  Carpenter  burner  is  the  one  which,  under 
dl  circumstances,  comes  nearest  to  making  the  test  that  is  to 
be  considered  the  criterion  of  the  gas  in  candle-power,  then 
if  there  has  not  been  fixed  in  this  country  a  burner  for  national 
use,  why  not  start  a  movement  towards  the  adoption  of  this 
burner?  A  recommendation  was  made  in  the  St.  Louis  meet- 
ing, I  think,  to  have  the  Technical  Committee  confer  on  this 
matter  with  the  Bureau  of  Standards,  but  for  some  reason 
it  was  never  acted  upon.  I  should  like  to  see,  if  possible,  a 
standard  burner  adopted  throughout  the  country.  It  seems  to 
me  there  are  many  advantages  to  be  had  from  such  a  burner 
in  the  comparison  of  results,  not  only  in  our  own  works, 
but  in  comparison  with  other  works,  as  it  would  serve  to  make 
more  nearly  comparable  the  results  obtained  in  testing  stations 
as  well  as  those  in  your  work  between  one  town  and  another. 

Mr.  a.  S.  Miller  (New  York)  :  I  think  all  this  discussion 
shows  very  clearly,  if  it  shows  anything,  that  the  Public  Ser- 
vice Commissions  have  been  right  in  dropping  the  standard 
of  illumination  and  going  to  the  standard  of  heating  power. 

Mr.  Bond:  After  fully  considering  this  paper  and  its 
recommendation  of  the  Carpenter  burner  as  the  logical  one  for 
adoption  in  this  country  for  the  testing  of  gas,  and  recalling 
that  the  burner  suggested  by  the  Bureau  of  Standards  in  Cir- 
cular 48  favors  instead  the  7-  or  8-foot  open  flame  burner,  it 
seems  to  me  that  the  question  of  the  choice  between  these  two 
burners  is  brought  straight  before  this  Institute  for  action,  and 
I  would  recommend,  and  hope  that  the  gentlemen  present  in 
this  section  will  stand  with  me  in  this  recommendation,  that, 
as  a  result  of  this  section  meeting,  there  be  brought  before 
the  American  Gas  Institute  this  question  for  consideration : 
Shall  we  favor  as  an  Institute  the  adoption  of  the  Carpenter 
burner,  or  shall  we  favor  the  7-  or  8-foot  open  flame  burner  as 
recommended  by  the  Bureau  of  Standards? 

The  Acting  Chairman  :  As  the  time  is  so  short,  we  shall 
have  to  consider  that  at  to-morrow's  meeting.  Is  there  any 
further  discussion  on  Mr.  Gilpin's  paper? 


Digitized  by  VjOOQIC 


405 

A  vote  of  thanks  was  then  passed  to  Mr.  Gilpin  for  his 
pap>er. 

(For  further  discussion  on  Mr.  Gilpin's  paper,  see  pp.  720 
7:21.) 

A  motion  to  adjourn'  is  in  order. 

Adjourned,  5 :30  p.  m. 
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MANUFACTURING  SECTION. 

Morning  SeMioOy  Thorsilay,  October  22. 

Capt.  W.  E.  McKay  (Boston),  Chairman,  Presiding. 

Mr.  W.  Van  Alan  Clark  (Astoria,  Long  Island,.  N.  Y.), 
Section  Secretary. 

Chairman  McKay  called  the  meeting  to  order  at  10.18  a.  m. 

The  Chairman  :  The  first  business  on  the  program  is  the 
paper  on  "The  Operation  of  Inclined  Retorts,"  by  Mr.  Frank 
Huber,  of  Louisville,  Ky. 

THE  OPERATION  OF  INCLINED  RETORTS. 

In  presenting  this  paper,  I  am  endeavoring  to  lay  before  you 
actual  experience  of  importance,  during  a  period  of  13 
years  and  6  months  with  the  inclined  retort  system  in  Louis- 
ville, Kentucky.  There  are  many  points  connected  with  this 
installation  which  will  be  of  interest  to  you,  the  most  prom- 
inent being  the  long  duration  of  retorts  and  settings. 

Before  relating  experience  with  inclines,  I  will  explain 
briefly  some  incidents.  The  installation  was  designed  and 
constructed  under  the  direction  and  management  of  Mr.  A.  H. 
Barret,  Chief  Engineer  of  the  Louisville  Gas  Company,  who 
described  it  in  a  paper  before  the  American  Gas  Light  Asso- 
ciation, October,  1900,  at  Denver,  Colorado,  entitled  "An  In- 
stallation of  Inclined  Retorts."  Mr.  Barret's  paper  will  be 
recalled  by  many  who  attended  the  meeting,  and  can  be  re- 
ferred to  for  closer  details  by  those  who  have  copies  of  the 
proceedings. 

The  installation  consists  of  20  benches  of  6's;  15  in. 
X23  in.  top;  15  in.  X26  in.  bottom;  18  ft.  long;  in  2  stacks, 
— ID  benches  each, — placed  parallel,  with  a  space  of  25  ft. 
between  stacks,  allowing  for  working  room  on  charging  floor, 
and  13  ft.,  10  in.  working  space  between  the  benches  and  wall 
of  building  on  discharging  floor ;  No.  i  stack  having  an  expos- 
ure on  the  south,  and  No.  2  stack  an  exposure  on  the  north, 
the  space  on  the  east  and  west  ends  of  the  stacks  being  11  ft. 
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3  in.  to  wall.  The  entire  building  had  free  exposure  to  the 
west  until  1904,  when  the  Water  Gas  Building  was  erected, 
which  closed  off  40  per  cent,  of  the  exposure.  The  east  end 
was  partially  exposed,  as  the  wall  of  the  retort  house  was  built 
on  the  old  wall  of  the  blacksmith  shop.  The  distance  from 
the  ground  level  to  the  discharging  floor  is  13  ft.  and  to  the 
charging  floor  27  ft.,  g%  in. 

Above  the  charging  floor  is  placed  2  rows  of  coal  hop- 
pers; I  bin  for  each  bench,  making  20  in  all,  capable 
of  holding  48  hours  supply.  The  coal  is  received  in  the  stor* 
age  shed  (10,000  tons  capacity),  then  hauled  by  2.45  ton  cars 
on  narrow  gauge  track  to  receiving  hoppers,  where  it  is  broken 
and  crushed,  elevated  to  a  height  of  73  ft.,  dumped  in  a  hor- 
izontal trough,  and  conveyed  on  bridge  to  bins, — a  distance  of 
120  ft. — by  a  push  plate  conveyor,  then  into  another  horizontal 
conveyor,  one  over  each  stack,  distributing  coal  along  the 
length  of  the  2  rows  of  hoppers.  Each  bin  has  a  slide  valve 
at  the  bottom,  operated  on  the  charging  floor,  for  loading  the 
portable  retort  chargers,  of  which  there  are  4 — 2  to  each 
stack, — suspended  from  tracks  above  the  benches.  Each 
charger  is  so  constructed  as  to  hold  3  magazines  of  coal, 
charged  into  bottom,  middle  and  top  retorts.  The  chargers 
are  usually  loaded  closest  to  the  bench  to  be  charged,  and  each 
3  magazines  of  coal  is  called  a  load. 

The  coke  is  drawn  from  retorts  to  chutes  in  discharging 
floor,  2  chutes  opposite  each  bench.  It  then  drops  to  cars, — 
g^round  floor, — which  are  pushed  to  quenchers,  and  then  to 
elevator,  which  is  placed  in  the  center  of  retort  house, — north 
side.  It  is  hoisted  by  hydraulic  power  to  a  height  of  50  ft.; 
thence  pushed  over  a  bridge  40  ft.  to  the  coke  warehouse  30  ft. 
X90  ft,  with  capacity  of  50,000  bushels,  divided  into  5  com- 
partments as  follows:  22,000  bushels  of  lump  coke,  and  all 
sizes  as  it  comes  from  the  retort  house;  11,000  bushels  of  egg 
coke,  lyi  in.  to  2  in.;  5,700  bushels  of  nut  coke,  ^  in.  size; 
5»7oo  bushels  of  breeze ;  and  5,700  bushels  of  pea  coke,  }i  in. 
size. 
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The  liunp  coke,  as  it  is  taken  from  large  bin  to  consumer, 
passes  over  perforated  chutes  with  holes  2  in.  in  diameter,  and 
all  coke  2  in.  and  under  in  size,  drops  into  pocket,  there  being 

4  pockets  under  chutes  of  this  bin.  It  is  then  collected  by 
dump  cars  and  conveyed  to  hopper  at  end  of  coke  house, 
where  it  is  re-elevated  to  the  top  with  bucket  elevator,  and 
there  it  is  separated  with  a  revolving  screen,  droppmg  into 
bins  as  per  sizes  noted  above. 

The  erection  of  the  inclined  retort  house  was  started  during 
1899,  and  installation  completed  in  1900,  the  necessary  time 
being  taken  to  dry  out  flues  and  settings.  We  b^an  carbon- 
izing coal  August  9th,  1900,  and  continued  the  operation  until 
March  20th,  1914,  when  all  plants  in  the  city  were  closed 
down ;  artificial  gas  being  displaced  by  natural  gas  from  West 
Virginia. 

As  there  are  2  stacks  of  benches,  they  are  designated  by 
numbers,  i  and  2;  No.  i  bench  in  No.  i  stack  starting  from 
west  end,  and  No.  i  bench  in  No.  2  stack  starting  from  east 
end.  Two  benches  in  stack  No.  i,  Nos.  5  and  6,  were  the  first 
to  be  lighted  up.  The  idea  was  to  start  heating  up  benches 
from  the  center  of  each  stack,  gradually  increasing  the  heat  on 
each  side  of  center  until  entire  stack  was  in  operation,  thereby 
equalizing  the  strain  on  stack  due  to  expansion.  As  more 
benches  were  needed,  Nos.  5  and  6,  in  stack  No.  2,  were 
started  in  the  same  way. 

Dampers, — On  each  bench,  4  flue  dampers  are  provided, 
located  at  grade  line;  2  in  front,  and  2  in  back  of  bench. 
The  discharging  side  of  bench  is  called  the  front,  and  the 
charging  side  is  called  the  back.    The  flue  openings  are  each 

5  in.  X  20  in.  These  flue  dampers  are  used  to  regulate  the 
pull  on  the  setting,  and  are  closed  when  bench  is  not  in  use. 

The  5  in.  x  20  in.  flues  extend  down  to  underground  flues, 
having  simips  to  collect  loose  material.  They  are  connected  to 
a  15  in.  X  18  in.  flue,  running  under  center  of  bench  and  out 
into  main  flue,  which  is  connected  to  chimney,  4  ft.  in  dia- 
meter, and  75  ft.  6  in.  above  damper  line.    The  draft  in  the 
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ney3  ft.  above  grade,  gave  6/10  in.  water  pull.  Over  top 
e  damper  at  grade  line,  with  front  slides  open  6  in.,  there 
).25  in.  water,  and  with  the  back  dampers  open  5  in.,  the 
was  0.2  in.  water.  With  this  draft,  primary  dampers 
opened  in  back  of  bench  2^/4  in.  on  each  side ;  in  front  of 
,  I  in.  on  each  side,  making  a  total  area  of  4  openings 
.62  sq.  in.  Secondary  dampers  open  in  back  of  bench, 
1.  on  each  side,  and  on  front  of  bench  1^4  in.  on  each 
making  a  total  for  the  4  openings  of  29.74  sq.  in.  Air 
ty  of  primary  and  secondary  dampers  being  taken  with 
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Clinker  and  relief  bar  doors,  dampers  and  recuperators.  Page  409 
nometer  fixed  to  a  box  which  fitted  around  opening, 

result  being  used  for  a  guide  or  check  on  all  benches, 
rators  are  placed  inside  of  bench,  and  clinkered  every 
irs  in  back  of  bench;  Fig.  i  showing  clinker  door,  re- 
r  door,  secondary  and  primary  air  dampers,  and  re- 
:ors,  which  will  be  referred  to  later.  The  fuel  bed  aver- 
►  ft.  deep,  and  with  dampers  placed  as  just  described — 
nace  lid  being  open, — a  flame  would  hover  in  and  out 

furnace  door.  The  lower  combustion  chaitiber  indi- 
).05  in.  of  water  pull,  the  upper  combustion  chamber 
^  slight  pressure. 
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The  upper  and  lower  ccMiibustion  chambers  were  divided 
with  a  wall  starting  at  the  nostrils  over  the  generator,  and  ex- 
tending up  around  retorts  to  arch  of  bench,  thus  making  each 
combustion  chamber  independent  of  the  other.  Tiles  were 
placed  over  nostrils  of  upper  combustion  chamber,  as  condi- 
tions required,  to  regulate  heats. 

Outlet  ports  for  waste  gases  into  recuperators  were  closed 
Yz  of  the  way,  with  sliding  tiles  down  from  the  top, 
thereby  forcing  the  hot  gases  from  upper  combustion  cham- 
bers up  around  retorts,  and  down  imder  the  bottom  retorts  to 
lower  outlet  ports.  This  was  done  to  utilize  the  heat  as  much 
as  possible  from  the  upper  combustion  chambers,  along  with 
the  lower  combustion  chamber  waste  gases,  it  being  necessary 
to  carry  the  heat  high  in  the  lower  part  of  retorts,  due  to  the 
greater  number  of  charges  being  the  thickest  at  the  shields. 
The  above  regulation  could  be  changed  according  to  condi- 
tions, by  sliding  damper,  which  was  necessary  at  times,  accord- 
ing to  grade  of  coal  used. 

Charging. — Heats  in  benches  were  brought  up  according  to 
damper  regulations  as  before  mentioned,  and  retorts  charged 
light,  gradually  increasing  the  heat  and  also  the  charge.  We 
started  off  carbonizing  after  heats  were  up,  625  and  650  lbs. 
of  coal  on  4  hours,  but  changed  to  700  lbs.  on  5  hours,  and 
then  750  lbs.  on  5  and  6  hours;  the  working  basis  being  5 
hours.  Charges  were  changed  according  to  grade  of  coal 
received. 

The  work  of  starting  new  installation  in  August  was  very 
trying,  due  to  the  hot  weather.  There  were  some  changes 
necessary  in  regard  to  getting  rid  of  large  quantities  of  coke 
through  chutes  to  cars  below  floor.  The  work  of  changing 
chutes,  which  had  to  be  done  during  operation  of  benches, 
held  back  the  amount  of  work  which  was  to  be  done  by  stokers. 
It  was  some  time  in  October  before  we  arrived  at  normal  con- 
ditions after  closing  down  old  horizontal  retort  house. 

Working  in  Retort  House, — The  task  of  stokers,  12  hours 
shift,  was  as  follows: 
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I  Head  stoker,  or  foreman — ^Day  and  night. 

2.  Gangs,  4  men  each,  stokers — Day  and  night. 

3  Coke-car  men — Day  and  night. 

I   Hydraulic  main  man — Day  and  night. 

ij^  Clinkermen — Day  only. 

lYi  Clinker  helpers — Day  only. 

Stokers  charged  and  discharged  9  retorts  per  hour  per  gang, 
keeping  their  standpipes  open,  filling  furnaces,  and  leveling 
off  coke,  cleaning  floors,  and  helping  head  stokers.  The  head 
stoker  was  in  charge  of  retort  house,  and  kept  the  pipes  burnt 
out,  scurfed  and  patched  the  retorts,  and  made  out  reports. 

Coke  men  placed  cars  under  chutes  receiving  coke  from 
retorts,  quenched  coke,  and  took  same  to  the  coke  house. 

Hydraulic  main  man  drew  off  tar  once  a  day,  keeping  on 
seals,  and  had  helpers  2  hours  in  the  afternoon,  to  clean  out 
heavy  deposit. 

Stokers  working  on  the  basis  as  before  mentioned,  were 
carbonizing  ioj4  tons  of  coal  per  man  per  12  hours;  this 
amount  corresponding  to  3  charger  loads  per  gang  of  4  men 
per  hour.  In  establishing  this  basis  of  work,  it  was  under- 
stood by  the  men  that  3  loads  per  gang  of  4  men  was  the 
amount  of  coal  per  hour,  and  it  was  necessary  at  different 
times  of  the  year  to  reduce  or  increase  carbonization,  and 
proportion  the  amount  of  work  as  it  might  be. 

We  have  had  4  and  3-men  gangs,  and  at  times  we  would 
have  2  4-men  and  i  2-men  gangs.  The  2-men  gangs  would 
draw  and  charge  in  proportion.  During  the  hot  summer 
months  of  1901,  we  had  to  reduce  this  task  work  from  9 
retorts  per  hour  per  gang  of  4  men  to  6  retorts  i  hour,  and 
9  the  next  alternate  hour. 

This  basis  was  established  from  the  15th  of  April  to  the 
15th  of  October,  and  between  that  time,  they  were  to  draw 
the  9  retorts  per  hour  as  before.  This  satisfied  the  stokers, 
and  was  continued  on  to  August,  191 1,  when  environments 
of  8-hour  system  got  the  best  of  them,  a  strike  ensued,  and  the 
outcome  was  a  compromise  with  the  company  on  a  lo-hour 
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basis,  i.  e.,  they  drew  and  charged  the  same  amount  of  coal 
per  hour,  but  discontinued  breaking  down  furnace  fuel,  and 
helping  head  stokers  bum  out  pipes,  and  clean  up  floors.    This 
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Fig.  2. — Sagging  walls  of  combustion  chambers.     Page  413. 

necessitated  puttmg  on  one  extra  man  to  break  down  fires, 
and  one  to  help  head  stoker,  on  each  watch. 

The  results  obtained  from  inclines  here,  like  all  benches. 
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show  up  best  when  new,  and  the  most  troublesome  part  of 
operation  was  maintaining  heat.  This  was  very  noticeable  in 
1904,  when  heats  began  falling  in  several  benches  of  stack 


1 

u 

1 

H 
II 

a 

S 
J 

1 

4 

111 

• 
• 

11 

•  : 

• 

J 

i 

lii 

iV. 

«i 

t|^ 

41 

m 

^41 

jJS 

'4 

5^! 

s« 

\~ti 

■u"^- 

*■•♦< 

■^5S'^ 

i^'< 

■-'i-i 

i?-v 

•s?'^-. 

•^'$-. 

Sw- 

n 

ttii 

hW'-- 

•i,V  1 

i«  V"- 

WV'< 

at 

^■^■^ 

VW« 

v,W^ 

v.'« 

h 

ijl 

'Ai 

111 

tji 

r-v»  » 

ill 

lit 

5j 

m 

'm 

l-=l 

11: 
1^* 

5*^1 

11 

h 

u 

H; 

ili 

< 

si 

u 

Is": 

f^5 

\] 

la 

fA 

5''5 

m 

h\ 

t«5 

|vj 

5| 

U 

St: 

i« 

I'^i 

v4- 

IV? 

-*5 

1^ 

1^1 

^1 

>l 

k 

iii 

itl 

ivi 

!« 

?'i 

4 

ii 

■4 

iH 

•4 

^j 

•^f 

•.r 

'A 

'A 

n 

If 

4 

>^ 

c» 

n 

t 

»o 

>o 

r** 

•00 

0> 

0 

be 

a 


o 
2 


C/3 


C 
.0 

s 

s 


No.  2.  It  was  found  on  inspection  that  the  combustion 
chamber  walls  were  sagging  in  and  closing  off  draft,  due  to 
lack  of  support,  as  shown  by  Fig.  2.    While  the  retorts  and 
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other  parts  of  benches  were  in  good  condition,  we  tore  out 
these  settings  and  renewed  retorts  in  benches  i,  2,  3,  4,  5,  and 
6 — stack  No.  2.     We  immediately  started  bracing  walls  of 
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combustion  chambers  of  the  balance  of  benches,  and  extended 
the  life,  as  will  be  seen  by  referring  to  the  duration  charts, 
Figs.  3,  4,  5  and  6. 
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Fig.  7  shows  combustion  chamber  walls  before  bracing.  It 
can  be  noticed  slightly  inclined,  but  not  sufficient  to  eflfect  the 
setting.    It  was  surprising  at  first  to  note  that  the  retorts  did 
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not  sag  more  than  ordinarily,  with  the  combustion  chamber 
walls  in  the  shape  as  shown,  as  these  walls  formed  the  base  of 
center  setting.    This  condition  can  be  accounted  for  by  refer- 
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ring  to  arch  tile  settings,  as  shown  in  Pig.  8.  It  will  be  seen 
that  each  saddle  forms  an  arch  around  retorts,  and  weights 
above  were  transmitted  to  side  walls,  having  a  tendency  to 
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hold  saddle  of  upper  retorts,  lower  inside  portion  of  bottom 
retort  acting  as  skew-back. 

The  failure  to  detect  the  caving  in  of  combustion  chamber 
walls  before  it  got  too  far  to  brace  them  will  explain  why  the 
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Pig-  7.— Combustion  chamber  before  bracing.     Page  415. 


Fig.  8.— Arch  Ule  settings.     Page  416. 


27 
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life  of  these  benches  was  not  extended  longer.  Benches  4  and 
5  in  stack  No.  i  were  exceptions,  being  fired  up  once.  These 
2  benches  were  not  rebraced,  though  on  inspecting  them, 
walls  were  found  caved  in,  but  not  sufficient  to  retard  draft. 

In  renewing  settings,  we  lowered  the  base  and  brace  tiles, 
as  shown  in  Fig.  9,  bringing  the  tiles  on  a  line  with  bottom  of 
retort,  instead  of  as  shown  by  Fig.  8,  the  first  design. 

By  referring  to  the  duration  charts,  it  will  be  seen  that 
benches  ran  from  2  years  5  months  to  10  years,  averaging 


Pig*  9- — Settings  after  renewals.     Page  418. 

5  years  5  months,  and  I  feel  safe  in  saying  that  an  average  of 

6  years  could  have  been  attained  had  more  bracing  been  pro- 
vided in  combustion  chamber. 

Patching  Leaks, — Benches  after  having  been  let  down  and 
fired  several  times,  caused  quite  a  bit  of  trouble,  due  to  expan- 
sion and  contraction,  and  leaks  in  recuperator  partitions 
occurred,  short-circuiting  the  secondary  air  into  waste  gas  side, 
causing  heats  to  drop  and  fuel  to  increase.  These  leaks 
usually  occurred  in  the  vertical  joints  of  partition  tiles  (see 
Fig.  I )  within  4  ft.  of  main  damper,  and  were  patched  through 
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openings  in  benches  provided  for  the  purpose  of  cleaning  and 
inspection. 

As  most  of  the  leaks  were  low,  they  were  patched  from 
either  the  primary  or  secondary  air  opening,  front  or  back. 
For  close  inspection  of  short-circuiting,  we  made  a  leak  detec- 
tor, by  fixing  up  a  piece  of  Yi  in.  pipe,  about  12  ft.  long,  con- 
necting gas  hose,  and  a  burner  tip  on  ends  of  pipe.  This  light 
on  the  end  of  pipe  would  be  inserted  in  the  horizontal  flue, 
passing  it  over  each  joint,  and  wherever  a  leak  was  found,  the 
flame  would  be  sucked  in,  and  the  usual  method  of  patching 
was  done.  This  proved  to  be  the  most  efficient  way  of  finding 
leaks. 

A  note  book  was  provided,  and  on  each  bench  we  kept  all 
record  of  leaks.  When  benches  needed  attention,  reference 
would  be  made  to  leaks  prviously  patched. 

Joints  of  upper  sections  of  retorts  were  usually  very  wide 
at  times,  open  2  in.  when  bench  was  fired  up  the  second  time. 
There  were  no  buck  bars  or  rails  across  the  upper  mouth- 
pieces, or  back  of  bench  as  it  is  called,  rails  being  placed  hori- 
zontally between  bottom,  middle,  and  top  retorts  of  lower  side, 
or  front  of  bench  only.  Retorts  being  inclined  32  deg.  to 
back  had  tendency  to  move  down  the  front,  due  to  gravity, 
and  the  bars  held  back  this  force.  We  have  provided  iron 
buck  bars  on  several  benches  when  mouth-pieces  were  com- 
ing loose,  due  to  age  of  bench,  and  these  were  put  on  when 
benches  were  hot. 

Patching  Lower  End  of  Bottom  and  Middle  Retorts  due  to 
Wear  of  Poker. — When  retorts  are  free  of  carbon  in  the 
mouth,  very  little  irritation  of  coke  with  poker  is  necessary, 
1.  e.,  when  bottom  of  retorts  are  smooth.  At  times,  charges 
will  slip  out  when  doors  are  open,  pushing  shield  or  stopper 
out,  before  the  stoker  has  chance  to  get  to  shield.  Charges  not 
being  thoroughly  coked,  or  banked  high  against  stopper,  re- 
quire the  use  of  ^  in.  poker  10  ft.  long  to  get  coke  started, 
and  assistance  is  necessary  from  stoker  above  on  charging 
floor.     This  poking  at  coke  on  discharging  floor  produces  a 
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wear  on  the  retorts  close  to  the  mouth-piece,  due  to  angle  at 
which  the  stoker  uses  the  poker  in  loosening  the  coke.  This 
part  of  retort  is  usually  affected  about  12  in.  above  mouth- 
piece, and  becomes  thin.  Holes  resulted,  and  repairs  were 
made  while  bench  was  in  use,  by  breaking  out  this  thin  piece 
and  inserting  tile,  as  shown  of  bench  9,  stack  No.  2,  in  Fig.  10. 
There  was  no  occasion  to  repair  top  retort  in  this  manner, 
as  the  retorts  were  more  in  line  with  the  poker  used  by  the 
stoker. 
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Fig.  10.— Tile  in  retort  at  mouth-piece.     Page  420. 

At  no  time  during  the  entire  operation  of  house  have  we 
been  unable  to  patch  leaks  confronting  us.  Not  one  retort 
was  lost  due  to  falling  in,  or  sagging  to  a  degree  that  would 
render  it  useless. 

The  first  installation  of  retorts  was  made  in  approximately 
3  equal  lengths,  and  changed  on  renewal  to  i  short  length 
at  bottom  end,  and  i  long  length  in  center  and  top. 
This  was  done  to  bring  the  lower  joints  closer  to  the  outside, 
making  it  easier  to  patch,  especially  the  lower  retorts,  due  to 
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it  being  so  close  to  floor,  and  unhandy  to  get  long  patching 
rod  up  retort. 


Fig.  II.  -Sagging  in  Retorts.     Page  421. 
Accompanying  this  paper  will  be  found  a  diagram,  Fig.  11, 
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showing  by  dotted  lines  the  sag  in  the  first  setting  of  retorts 
of  bench  7,  stack  No.  2,  the  idea  being  to  show  the  relative 
shrinkage  in  setting,  a  string  being  stretched  through  the  retort 
after  it  was  cold,  and  distances  marked  every  3  ft. 

By  referring  to  duration  charts,  the  life  and  sag  of  each 
retort  can  be  seen.  Fig.  12  shows  west  top  retorts  of  bench 
6,  stack  No.  i ;  duration  over  6  years  10  months.  Fig.  13 
shows  bench  7,  stack  No.  2,  front  of  bench,  lids  open ;  Fig.  14 
back  or  charging  end,  lids  open;  and  Fig.  15  east  top  retort 
looking  down  from  charging  end.    The  photographer  did  not 


Fig.  12. — Cracks  in  top  retort.     Page  422. 

get  Up  high  enough  to  show  the  bottom,  but  the  sag  was  8  in. 
on  east  side  and  9  in.  on  west  side.  This  bench  has  a  record 
of  more  than  10  years  duration,  and  while  the  sag  was  more 
than  any  of  the  others,  it  was  serviceable. 

We  would  have  trouble  in  getting  a  charge  of  fine  slack  coal 
in  the  retorts,  but  no  trouble  with  lirnipy  coal.  We  usually 
picked  coal  for  this  bench,  as  stokers  find  out  where  the  good 
coal  lies.  This  bench  was  hot  enough  before  it  was  let  down — 
March  20,  1914 — ^to  thoroughly  carbonize  750  lbs.  of  coal  in 
5  hours,  the  coal  being  free  of  slack  and  dust. 
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There  will  always  be  straight  and  sagged  retorts,  more  or 
lesSy  and  while  charges  placed  and  discharged  in  top  and 
middle  retort,  like  bench  7,  stack  No.  2,  will  take  more  time 
and   work,  it  is  not  justifiable  to  cut  out  the  bench,  as  the 


Pi 


a 


average  time  for  9  retorts,  gang  of  4  men,  will  not  exceed 
35  minutes,  including  trying  of  standpipes,  cleaning  off,  clos- 
ing and  tightening  up  lids.  Some  men  work  faster  than 
others,  and  9  retorts  have  been  drawn  and  charged  in  20 
minutes.     There  are  exceptional  times  when  a  bench  becomes 
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cold,  and  charges  being  green,  is  not  ordered  run  over  on 
longer  hours,  so  that  men  suffer  from  the  blast  of  heat  above 
and  the  poking  below. 

We  have  used  many  different  grades  of  coal,  which  vary 
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more  or  less,  in  regard  to  charging  and  discharging  coke. 
When  benches  are  new,  we  have  successfully  used  30  per  cent, 
nut  and  slack,  with  70  per  cent,  run  of  mine  coal,  getting 
uniform  charges,  but  as  benches  begin  to  sag,  it  becomes  neces- 
sary to  discontinue  the  use  of  30  per  cent,  nut  and  slack  mixed 
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with  mine  run  because  of  the  trouble  encountered  with  pockets 
of  dead  slack,  which  does  not  run  thick  enough  to  the  bottom  of 
the  retorts,  consequently  piling  up,  and  requiring  poking  down 
from  the  top.  This  increases  the  work,  and  stokers  will 
neglect  it  if  not  watched. 

In  charging  coal  with  a  large  percentage  of  slack,  into 
retorts  sagged  as  much  as  3  in.  or  more,  we  have  provided  a 
pan  made  of  light  sheet  iron  4  ft.  long,  with  handle.    This  pan 


Fig-  15.— Top  retort.     Page  422. 

is  placed  in  mouth  of  retort,  and  coal  coming  out  of  chute  of 
charger,  slides  down  this  sheet  iron  surface — which  beco^nes 
polished  very  soon — and  by  this  method,  we  have  been  able  to 
throw  good  charges  to  lower  end  of  retort. 

The  pan  is  usually  withdrawn  before  the  full  amount  of 
coal  is  placed;  in  most  cases,  half  of  the  charge  being  put  in 
with  pan,  and  half  without  pan. 

Pans  are  very  seldom  used  in  bottom  retorts,  with  the  reg- 
ular run  of  mine  coal.     Some  grades  of  run  of  mine  coal, 
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which  we  received,  broke  up  in  transit  into  very  small  cubes 
about  the  size  of  a  pea,  and  could  be  well  placed.  The  best 
results  can  be  obtained,  under  all  conditions,  by  crushing 
lump  coal,  r^;ulating  the  d^[ree  of  fineness  at  the  crusher. 

We  have  noticed  at  times,  that  charges  after  being  uni- 
formly placed,  would  slip  to  the  bottom  as  much  as  2  ft, 
causing  the  coal  to  thicken  at  the  lower  end.  This  wc  have 
traced  to  2  conditions : 

1st.  That  when  very  fine  slack  and  dust  had  been  pushed  in 
with  the  poker  from  above,  it  would  creep  on  a  cold  bench, 
with  retorts  of  a  temperature  below  normal,  and  not  on  a 
bench  some  hotter,  with  the  same  class  of  fine  coal,  indicating 
that  more  heat  was  needed,  and 

2nd.  That  when  changing  from  one  grade  of  coal  to  another, 
harder  and  denser,  requiring  more  heat  to  drive  oflf  all  of  the 
volatile  matter,  we  would  notice  a  slip  even  in  lumpy  coal. 
When  our  attention  was  called  to  this,  we  had  no  difficulty  in 
overcoming  it.  We  would  run  these  particular  benches  over 
on  longer  hours,  until  heats  were  brought  up,  when  creeping 
would  cease.  No  slipping  would  be  noticed  in  a  soft  grade  of 
coal,  even  if  heats  were  below  normal.  With  the  exception  of 
slack,  there  was  no  grade  of  coal  we  have  used  (in  the  13 
years)  that  would  not  carbonize  successfully  under  our 
conditions. 

Standpipes. — Standpipes  made  of  cast  iron,  7  in.  inside 
diameter;  length  of  each  from  bell  on  mouth-piece  to  flange 
on  under  side  of  bridge  pipe,  as  follows:  top  retort,  13  ft 
6  in. ;  middle  retort,  16  ft.  4  in. ;  bottom  retort,  19  ft.  2  in.  In 
running  retorts  on  4  hours,  with  625  lbs.,  we  had  trouble  with 
stopped  standpipes,  attributed  to  excessive  hot  weather  and 
high  heats  of  benches. 

After  charges  had  been  increased  to  700  lbs.,  and  then  750 
lbs.  on  5  and  6  hours,  we  got  along  very  well  with  stand-pipes* 
stokers  and  foreman  being  able  to  attend  to  them  with  the 
ordinary  care.  Most  of  our  trouble  occurred  in  the  summer 
months,  principally  due  to  hot  weather,  and  it  became  neces- 
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to  put  an  extra  man  on  each  shift  during  the  excessive 
lays,  to  help  out.  This  usually  occurred  in  July  and 
ist. 

:)kers  were  required  to  rtm  an  auger  up  each  pipe  on 
r  draw,  and  to  open  any  pipe  showing  back  pressure  be- 
1  draws.  The  stand-pipes  on  bottom  retorts  were  noticed 
op  up  more  than  the  middle  and  top  ones.  They  being 
ongest  and  closest  to  the  floor,  required  an  auger  with  a 
2r  handle,  which  was  not  as  easy  for  the  stokers  to  manip- 
:.  The  stoppage  in  these  pipes  was  not  much  more 
>lesome  than  the  short  pipes  on  the  old  horizontal 
hes,  as  most  of  the  stoppages  in  the  stand-pipes  were  close 
e  mouth-piece. 

)al  Machinery, — During  the  course  of  operating  inclines 
,  we  have  had  break-downs  of  various  kinds,  none  of 
h,  however,  held  back  carbonization  of  coal  in  retort 
;e. 

ur  first  break-down  was  one  of  the  2-bucket  elevators, 
:h  elevated  coal  to  a  height  of  73  ft.,  with  a  rated  capacity 
o  tons  per  hour.  This  elevator  fell  in  a  heap,  causing  the 
ation  of  coal  to  be  suspended  until  bucket  and  chains  were 
aved,  and  duplicate  elevator  started,  holding  work  back 
jurs. 

s  no  coal  is  elevated  here  on  Sunday  (having  48  hours 
)Iy)  we  took  this  day  to  straighten  the  buckets  and  renew 
e  hoisting  chain.  The  elevator  was  back  in  order  in  10 
•s. 

nother  break-down  was  caused  by  a  piece  of  timber  falling 
oot  of  elevator,  and  the  consequence  was  the  lifting  of  the 
re  boot  from  its  anchorage,  and  carrying  it  up  ^ 
he  height  of  tower,  before  the  machinery  was  stopped. 
damage  was  done,  outside  of  having  to  replace  boot,  and 
le  up. 

enewals'  on  the  2  elevators  during  the  entire  operation 
to   wear,   were    i    new   boot   each,   2   sets   of   sprocket 
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wheels,  66  ft.  of  chain,  30  sheet  iron  buckets,  and  the  usual 
rebabbitting  of  boxes. 

The  receiving  conveyor  for  crusher,  conveys  coal  up  on  an 
angle  of  40  deg.  to  a  vertical  height  of  20  ft.,'  in  order  to  drop 
the  coal  over  screens ;  separating  the  large  lumps  from  coal  of 
the  required  size ;  the  lumps  dropping  into  revolving  breaker, 
thence  to  crusher,  while  the  finer  coal  slides  down  chute  to 
boot,  and  is  elevated  as  previously  mentioned.  This  receiv- 
ing conveyor  is  of  the  push-plate  type;  double  chains,  with 
sheet-iron  flights,  shoving  coal  in  a  sheet-iron  trough  at  the 
rate  of  60  tons  per  hour.  The  chain,  flights,  sprocket-wheels 
and  journal  boxes  have  not  been  renewed  on  this  piece  of 
machinery.  The  trough  made  of  3/16  in.  sheet-iron  was  re- 
placed 3  times,  due  to  the  constant  slide  of  coal  wearing 
it.    No  break-down  was  ever  encountered  on  this  machine. 

Breaker  and  Crusher. — Mine  run  coal  used,  usually  con- 
tained 30  per  cent,  of  the  coal  already  small  enough  to  use  in 
retorts,  and  provision  wa^  made  by  passing  this  coal  from  the 
breaker  and  crusher.  Only  coal  larger  than  i  in.  cube  was 
crushed. 

The  breaker  received  the  lumps  larger  than  4  in.,  and  the 
crusher  reduced  it  to  about  J^  in.  Breaker  and  crusher  are 
of  the  two  roll  type,  30  in.  in  diameter,  with  teeth.  No  break- 
downs were  encountered  during  their  period  of  use,  but  the 
crusher  rollers  had  to  be  renewed  within  5  years.  Iron  bolts 
and  nuts  would  slip  by  the  men,  and  would  be  carried  to 
crusher,  breaking  off  teeth,  and  allowing  2  in.  lumps  to  pass, 
which  when  used  in  retorts  would  run  down  too  thick  at  lower 
end  of  retort. 

The  breaker  was  not  renewed,  but  the  journal  boxes  were 
rebabbitted,  and  shaft  turned  up.  The  coal  in  shed  was  loaded 
into  cars  by  negroes,  and  pushed  to  receiving  conveyor,— 
sometimes  a  distance  of  100  yards.  They  labored  piece-work; 
1 1  loads  per  man,  approximately  54,000  lbs.  as  a  day's  work. 
Working  the  men  on  task  work  here,  gave  us  plenty  of  time 
to  make  ordinary  repairs  on  machinery,  as  they  were  usually 
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ugh  in  6  hours, — an  ordinary  white  man  would  not  stand 
•.  speed. 

le  horizontal  conveyor,  running  from  elevator  tower  120 
icross  bridge  to  building,  and  the  2  over  each  row  of 
hoppers  in  retort  house,  are  of  the  push-plate  type,  with 
center  "monobar"  chain.  These  conveyors  were  not  in 
icate,  and  any  break-down  would  cause  the  conveying  of 
to  stop  entirely.  We  have  had  these  conveyors  to  break 
liferent  ways ;  the  most  serious  being  the  bending  of  nearly 
■y  flight  at  right  angles  on  bridge  conveyor.  These  flights 
e  made  of  6^  in.  x  16  in.  x  %  in.  sheet-iron,  bolted  in 
:er  to  flange  on  monobar  chain.  There  being  about  200 
es  to  take  off  and  straighten,  it  was  quite  a  task.  We  lost 
time  in  getting  at  this  work,  having  men  to  take  off  the 
t  flights,  and  others  following  up,  putting  on  the  straight- 
d  flights.  This  part  of  the  work  was  done  very  quickly, 
>t  of  the  time  being  absorbed  in  straightening  the  plates, 
er  utilizing  all  of  the  neighboring  blacksmiths,  sending 
flights  as  fast  as  they  were  ready,  we  completed  the  work 
lin  9  hours. 

he  wear  on  the  conveyor  is  mostly  on  the  sheet-iron  trough, 
ch  requires  new  lining  every  3  years.  We  were  always 
prided  with  duplicate  parts  of  machinery  likely  to  be  needed. 
I  machines  have  handled  approximately  610,000  tons  of 
m  and  gas  coal. 

harging  Machines. — The  charging  machines  in  the  retort 
se  were  made  of  sheet-iron,  supported  on  4  wheels, 
ch  could  be  moved  from  one  end  of  the  stack  to  the  other, 
g^hing  empty  approximately  2,500  lbs.  Break-downs  of 
rgers  have  happened  not  more  than  once  a  year,  such  as 
;els  becoming  loose,  and  derailing.  When  this  happens 
ing  the  night,  when  repair  men  are  not  available,  a  few 
Is  of  coal  will  be  missed  on  bench  opposite  charger.  The 
IT  benches,  which  are  usually  not  more  than  4,  are 
rged  with  shovels.  A  light  chute  is  placed  opposite  bench 
>e  charged,  and  coal  is  let  out  of  bin  in  the  usual  way  into 
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this  chute,  directing  the  coal  on  charging  floor.  This  co 
charged  in  retorts  by  hand,  approximating  the  required  am 
of  coal  for  each  3  retorts. 

Very  good  charges  can  be  made  by  placing  the  coal 
shovel  from  charging  floor.    While  considerably  longer  tin 
required  to  charge  these  retorts  by  hand,  we  were  able  to 
tinue  along  with  these  retorts  during  the  time  charger 
being  removed  to  one  end  out  of  the  way  for  repairs.    T 
being  2  chargers  to  each  stack,  the   i  left  was  sufficien 
do  the  work. 

Coke  Handling  Machinery. — The  task  of  moving  coke  J 
the  retort  house  during  break-down  of  hydraulic  elevator 
of  no  consequence  as  in  a  case  of  elevator  trouble,  cars  ^ 
diverted  into  yard  and  unloaded,  of  course  requiring  a 
tional  help  to  pile  coke  up  away  from  car.     The  methoi 
moving  hot  coke  from  retort  to  quencher,  and  thence  to 
house,  required  the  usual  amount  of  attention  by  the  me 
properly  protect  the  cars  and  to  thoroughly  quench  coke, 
have  had  careless  workmen  dump  hot  coke  in  bin,  and  on 
eral  occasions  encountered  large  fires,  in  one  instance,  ha 
to  call  on  the  fire  department.     The  coke  house  being 
structed   of  steel   frames,   sides  and  bottom  being  of  < 
iron, — outside  of  renewing  half  a  dozen  cast-iron  plates 
2  warped  beams,  the  bin  has  held  up  very  well. 

The  results  shown  in  Fig.  16  cover  a  period  of  13  y< 


III  llli  Ui  ft  J  iisS  ll. 

1901-02-03 9,864      4.93       i6.66*     12.17       2090  4-53 

1904-05-06 10,001       5.00       15.62       ir.13       237.3  5.13 

1907-08-09-10 10,109      5-05       15.06       12.02       244.5  5-29 

1911-12-13 9,973      498       14.13       12,09      232.2  5.03 

Total  ave.  13  yrs.  9986.7     4-99       ^5-36       TI.85       230.75  5.002 
*  Gas  enriched  three-quarter  candle-power  by  oil  benches. 

Fig.  16. — Operating  results.     Page  430. 
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giving  the  average  of  each  year.  These  results  are  based  on 
coal  botight  by  the  bushel  of  76  lbs.  (2,688  cu.  in.),  and 
residtials  sold.  The  coal  used  for  carbonizing  was  determined 
by  adding  stock  on  hand  at  the  first  of  the  year  to  coal  bought, 
and  subtracting  the  stock  of  coal  on  hand  at  the  last  of  the 
year. 

The  residuals  made  were  determined  by  sales  and  balance 
on  hand.  This  was  done  to  get  at  actual  results,  as  our  coal 
goings  to  retort  house  was  not  weighed.  We  would  set  port- 
able chargers  in  retort  house  by  measurement  to  the  different 
sized  charges  to  be  used,  and  we  have  found  that  coal  would 
be  spilt  on  floor,  due  to  slack  not  going  into  retorts,  and  to 
the  different  densities  of  coal,  varying  in  weight. 

For  the  13  years,  the  difference  between  what  was  used 
from  the  report  of  the  retort  house  foreman,  and  that  bought, 
would  equal  4  per  cent.;  the  greater  part  of  the  difference 
occurring  in  the  latter  years,  being  due  to  the  stokers  not 
getting  the  full  charge  load  into  retorts. 

We  began  weighing  coal  from  shed  to  retort  house  in  191 1, 
making  out  weekly  report  of  results.  This  worked  out  very 
close  to  the  coal  bought  per  year. 

The  yield  of  gas  given  was  corrected  to  60  deg.  temperature, 
and  30  in.  barometer  being  the  standard.  Candle-power  taken 
with  Sugg  D  burner  and  spermaceti  candle;  gas  corrected  for 
temperature  and  barometer. 

The  passage  of  gas  from  retort  house  is  as  follows :  3/10  in. 
pressure  in  standpipes,  foul  main  300  ft.  to  exhauster,  through 
P.  A.  tar  extractor,  then  to  water  tube  condenser,  thence  to 
standard  scrubber  and  oxide  purifiers.  During  part  of  1901, 
and  all  of  1902  and  1903,  we  had  2  oil  benches  of  2  retorts 
each,  which  enriched  the  gas  about  ^4  candle-power. 

The  tar  yield  being  figured  from  the  amount  sold,  having 
2  per  cent,  water.  We  have  never  had  any  complaint  in  regard 
to  the  quality  of  tar  made  here. 

Ammonia  yield  being  determined  from  the  quantities  of 
anunoniacal  liquor  sold,  strength  of  which  was  made  at  the 
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end  of  each  month  by  distillation  test,  by  outside  che 
Reports  were  made  in  Hquor  ounces  per  gallon,  and  this 
tiplied  by  0.02168  gives  approximately  the  ammonia  (I 
made. 

Bench  Fuel. — I  have  worked  out  the  fuel  consumed  t 
benches  in  bushels  per  ton  of  coal  carbonized,  as  our  : 
and  all  coke  used  around  the  plant,  were  measured  quan 
of  2,688  cu.  in.  to  the  bushel.  Breeze  used  in  boilers  at  \ 
not  included  in  determining  bench  fuel  used.  Over  75 
cent,  of  the  coal  carbonized  was  from  the  Pittsburgh  dis 
known  here  as  2nd  and  4th  pool  coal.  The  balance  of 
used  was  local  coal,  and  some  from  the  bordering  state; 

The  coke  made  was  estimated  by  using  a  coefficient — o. 
times  pounds  of  coal  carbonized  equals  the  bushels  of  col 

The  life  of  retorts  as  shown  on  duration  sheet  was  the 
benches  were  in  actual  use.  During  half  of  191 1  to  M; 
19 14,  labor  was  changed  from  12-hour  shift  to  10  h( 
leaving  a  gap  of  2  hours  on  each  watch,  which  time  is 
included  in  life  of  retorts. 

The  following  results  of  benches  wall  be  a  fair  ave 
from  1900  to  1910.  I  have  shown  the  maximum  and  minii 
months  of  1902  and  1910;  also  make  per  stoker,  drawing 
charging. 


December,  1902.     (31  days.) 


Make  per  retort 
per  day. 
Cu.  ft. 


Make  per  bench 
day  (16  benchc 
Cu.  ft. 


17,448 Maximum 

15,927 Minimum v. .. 

16,640 Average ;> . . . 

Average  make  per  stoker  per  day,  99,840  eta.  ft 


104,688 
95.562 
99.840 


August.   1902.     (31  days.) 


Make  per  retort 
per  day. 
Cu.  ft. 


Make  per  bencti 
clav  (13  benchc 
:    ■      Cu.  ft. 


15,641 Maximum 93,846 

12,090 Minimimi 72,540 

13,850 Average 83,  roo 

Average  make  per  stoker  per  day,  67,518  cu.  ft. 
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December,  1910.     (31  days.) 

Make  per  retort  Make  per  bench  per 

per  dav.  dav  (16  benches). 

Cii.  ft'  *      Cu.  ft. 

15,882 Maximum 95*292 

13,157 Minimum 7^,942 

14,300 Average 85,800 

Average  make  per  stoker  per  day,  91,162  cu.  ft. 

August,  19 10.    (31  days.) 

Make  per  retort  Make  per  bench  per 

per  day.  day  (14  benches). 

Cn.  ft.  Cu.  ft. 

14,952 Maximum 89,712 

12,464 Minimum   74,784 

13,760 Average 82,560 

Average  make  per  stoker  per  day,  72,240  cu.  fi. 


(Mr.  Huber  read  an  abstract  of  his  paper.) 

The  Chairman:  The  paper  is  open  for  discussion.  We 
have  some  written  discussions  which  it  would  be  well  to  read 
first,  so  that  the  subsequent  speakers  may  include  the  con- 
sideration of  these  written  discussions  in  their  remarks. 

Mr.  B.  F.  Bullock  (Fredericksburg,  Va.),  (Written  dis- 
cussion communicated)  :  Mr.  Ruber's  paper  gives  us  brief, 
but  comprehensive,  data  concerning  the  cost  of  operation  in  his 
city  of  an  installation  of  inclined  retorts  on  a  somewhat  large 
scale,  and,  as  I  believe  I  have  the  honor  to  be  in  charge  of 
perhaps  the  smallest  inclined  retort  plant  running  successfully 
for  over  eight  and  one-half  years,  while  not  bearing  directly 
on  the  Louisville  works  described  by  the  author,  my  little  con- 
tribution may  after  all  have  some  interest  for  the  members  of 
the  Institute  in  conriection  therewith. 

The  installation  at  Fredericksburg,  Virginia,  consisted  at 
first  of  only  two  benches  of  fours,  inclined  retorts,  to  which  we 
have  recently  added  a  third,  owing  to  the  increased  demand 
for  gas. 

The  stack  is  25  ft.  long  and  10  ft.  deep,  or  to  make  it 
plainer,  the  back  and  front  faces  of  the  same  are  25  ft.  in 
length,  while  the  width  or  depth  from  front  to  back  is  only 
10  ft.     As  the  engineer  was  obliged  to  exercise  rigid  economy 
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in  the  construction  of  the  works,  it  is  safe  to  say  that  not  as 
much  as  one  brick  has  been  wasted;  so  that  at  the  front  or 
discharging  side,  the  benches  are  only  15  ft.  7  in.  above  the 
foundations,  while  the  back  or  charging  end  is  21  ft.  above. 
The  discharging  floor  is  on  the  level  of  the  adjoining  yard, 
which  is  5  ft.  6  in.  above  the  cellar  floor — all  the  head  ro(Mn 
we  could  give  under  the  circumstances — while  the  charging 
floor  is  14  ft.  above  the  foundations. 

The  design  of  the  benches  is  upon  the  lines  of  what  was 
once  known  as  the  Shoubridge  System  (Mr.  S.  Y.  Shoubridge, 
Engineer  of  the  Crystal  Palace  Station  of  the  South  Metro- 
politan Gas  Company,  London,  England)  but  modified  to  suit 
our  conditions.  Because  of  a  reason  mentioned  before,  wc 
could  not  afford  to  put  in  an  elaborate  system  for  charging 
the  retorts,  but  the  designing  engineer  for  the  city  originated  a 
simple  system,  at  low  cost,  but  quite  effective,  which  has  been 
in  successful  operation  since  the  starting  of  the  plant,  Novem- 
ber 28,  1905. 

The  benches  are  heated  by  half-depth  recuperative  furnaces, 
making  the  cost  of  fuel  somewhat  high.  The  retorts  are  "D's," 
15  in.  by  30  in.  in  section,  and  about  12  ft.  long,  "on  the 
slope"  having  been  set  at  an  angle  of  about  33  degrees. 

The  charging  floor  is  nearly  up  to  the  bottom  of  the  inside 
of  the  lower  retorts,  and  these  retorts  are  charged  by  means 
of  a  "Farmer's"  coal  (dump)  buggy,  all  the  coal  being  first 
carefully  weighed.  The  upper  retorts  are  charged  by  the 
same  contrivance,  with  this  difference,  that  the  loaded  coal 
wagon  is  raised  to  the  required  height  by  a  Craig-Ridgeway 
elevator,  then  rolled  on  to  a  platform  wagon,  which  is  car- 
ried to  the  front  of  a  mouthpiece  to  be  charged,  and  then  the 
contents  are  dumped  into  the  retorts,  as  in  the  case  of  the 
lower  retorts.  I  may  remark  here  that  though  this  may  seem 
to  be  a  crude  method  of  charging  retorts,  the  charges  are  well 
and  evenly  distributed,  and  we  have  never  had  anjr  trouble 
from  that  source.  With  but  little  care  and  practice,  the  men 
soon  become  proficient  in  all  the  work  required. 
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In  discharging  the  retorts,  we  use  a  length  of  ^-in.  pipe 
to  loosen  up  the  charge.  We  experienced  some  of  the  trouble 
spoken  of  by  Mr.  Huber  in  reference  to  the  wear  on  the  lower 
ends  of  the  retorts,  caused  by  the  use  of  the  pipe,  and  in  the 
course  of  time  it  became  very  annoying  because  of  the  coke 
lodging  in  the  worn  places. 

To  remedy  this  trouble,  we  scurfed  each  retort  in  succession 
and  thoroughly  washed  out  the  worn  places,  to  free  them  from 
all  particles  of  dust  and  coke,  with  a  solution  of  pure  fire 
clay,  and  then  built  up  with  a  good  patching  compound  until 
it  was  flush  with  the  bottom  of  the  retort. 

The  material  was  of  almost  the  same  consistency  as  that 
used  for  patching  cracks.  Special  care  was  used  for  a  few 
charges  in  placing  the  stopper,  and  a  bushel  of  coke  diunped 
into  each  retort  before  charging,  and  a  hook  was  used  to  start 
the  charges,  not  putting  the  rod  into  the  retort  until  after 
about  2  ft.  of  the  charge  had  been  removed.  By  this  method 
the  patches  would  last  until  the  next  period  of  scurfing. 

Since  our  retorts  have  been  renewed,  we  have  used  both  the 
coke  and  the  hook  for  starting  the  charges,  and  after  12 
months  operation,  the  retorts  show  no  sign  of  wear. 

We  have  had  to  renew  the  retorts  three  times  since  the  orig- 
inal construction,  and  the  whole  setting  was  renewed  last 
year,  at  which  time  we  installed  an  additional  bench. 

We  would  undoubtedly  have  gotten  a  longer  life  out  of  the 
retorts,  except  for  the  fact  that  we  were  obliged  to  operate 
both  benches  for  about  10  months  during  the  year,  and  having 
no  reserve,  could  not  afford  to  take  chances,  but  now  that  we 
have  the  additional  bench  we  will  get  all  the  life  possible  out 
of  the  retorts  before  renewing. 

Our  method  of  scurfing  consists  of  drawing  the,  charge, 
leaving  the  bottom  door  open  about  an  inch,  the  top  door  being 
left  wide  open.  A  plate  with  a  hole  about  4  in.  square  in  the 
center  is  hung  on  the  upper  mouthpiece;  this  prevents  the 
upper  door  from  becoming  warped. 

The  weight  of  coal  per  charge  depends  entirely  upon  the 
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amount  of  gas  needed,  but  J  have  always  obtained  the  best 
results  by  making  the  charges  large  and  the  time  of  carboniza- 
tion long.  We  never  use  less  than  400  lb.  per  retort  in  any 
length  of  time,  and  if  this  amount  of  coal  makes  more  gas 
than  we  need,  we  lengthen  the  duration  of  the  charge  and  fix 
the  weight  of  coal  to  correspond. 

Our  best  run  for  a  single  bench  was  51,200  cubic  feet,  or 
12,800  cubic  feet  per  mouthpiece,  in  24  hours,  with  a  yield  of 
4.85  cubic  feet  per  pound,  working  6  hour  charges. 

We  have  never  been  bothered  with  stopped  standpipes, 
having  only  had  two  since  we  started  operation,  and  these  were 
cleared  with  the  ordinary  auger  in  a  few  minutes. 

Our  carbonizing  results  cannot  well  be  compared  with  those 
of  other  plants  using  inclines,  as  we  would  show  considerably 
more  furnace  fuel  per  ton  of  coal  carbonized,  for  we  have 
never  been  able  to  run  to  capacity. 

Our  coke  is  of  very  good  quality  due  to  the  fact  of  the  long 
duration  of  charges,  and  our  yield  of  gas  has  varied  according 
to  the  quality  of  coal  used.  At  the  present  time  we  have  no 
difficulty  in  getting  considerably  over  5  cubic  feet  per  pound 
running  8  hour  charges,  the  coal  being  good. 

We  werie  forced  to  renew  the  recuperators  because  of  the 
seams  opening,  short  circuiting  the  secondary  air  and  killing 
the  draught.  In  the  original  setting,  the  tile  in  the  recupera- 
tors were  set  with  flat  joints,  but  in  the  rebuilding,  all  joints 
were  made  tongued  and  grooved. 

We  have  always  made  a  straight  coal  gas,  although  for  a 
short  time  we  used  a  cannel  coal  enricher,  and  on  one  occasion 
used,  with  very  good  results,  kerosene  oil  in  connection  with 
the  coal,  to  tide  us  over  an  extremely  hard  pull,  due  to  a  break 
down  in  the  electric  light  plant. 

Mr.  W.  E.  Stein wedell  (Cleveland)  :  Written  discussion 
communicated.)  On  account  of  the  shrinkage  and  settlement 
of  clay  retorts  and  clay  setting  blocks,  installations  of  inclined 
retorts  were  not  entirely  satisfactory  until  191  r,  when  inclined 
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sectional  silica  retorts,  each  15  ft.  long,  and  silica  block  set- 
tings, were  installed  in  two  benches  at  Mobile,  Alabama. 

These  benches  gave  such  excellent  results  that  three  more 
benches  were  added  and  later  three  more,  making  eight 
benches  of  inclined  sixes  in  all. 

Installations  of  inclined  sectional  silica  retorts,  with  silica 
block  settings,  have  also  been  placed  in  gas  works  in  the  fol- 
lowing cities: 

Jacksonville,  Florida 9  benches 

Decatur,  Illinois 6  benches 

Benton  Harbor,  Michigan 4  benches 

Charlotte,  North  Carolina    4  benches 

San  Jnan,  Porto  Rico 4  benches 

Laurium,  Michigan 2  benches 

Biloxi,  Mississippi a  benches 

These  benches  with  retorts  15  ft.  long  can  carbonize  900 
lb.  of  coal  per  retort  in  four  hours,  but  the  results  are  not  as 
satisfactory  as  when  900  lb.  are  charged  every  six  hours,  and 
the  latter  is  the  common  practice. 

The  actual  results  in  an  installation  of  silica  retorts  as  com- 
pared with  those  obtained  in  the  clay  letorts  at  Louisville  are 
as  follows: 

Results  Results 

clay  silica 

materials  materials 

18'  o"  retorts  15'  o"  retorts 

Net  tons  of  coal  handled  per  man  per  day  in 

retort  house 9.28  10.8 

Cubic  feet  of  gas  made  per  bench  per  day 99,840.0  1 14,000.0 

Cubic  feet  of  gas  made  per  stoker  per  day 99,840.0  1 14,000.0 

Cubic  feet  of  gas  made  per  retort  per  day 1 1,640.0  19,000.0 

Cubic  feet  of  gas  made  per  pound  of  coal  carbonized          4.99  5.28 

Candle-power 15.36  15.5 

B.  t.  u.  per  cubic  foot -  592.0 

Gallons  tar  per  ton  of  coal 11.85  '3'^ 

Pounds  of  ammonia  per  ton  of  coal 5.002  4.3 

Pounds  of  coke  for  bench  fuel  per  ton  of  coal 326.0  240.0 

Candle-power  taken  with  Suggs  improved  argand  burner. 

Gas  made  per  pound  of  coal  carbonized  in  silica  retorts  is 
averaged  for  four  years  and  is  based  on  actual  inventory 
figures. 

The  al>ove  ammonia  yield  in  this  installation  of  silica  re- 
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torts  is  low,  due  to  insufficient  scrubbing  machinery  and  the 
temperature  of  cooling  water  not  being  below  68°  F.  the  year 
roimd. 

Results  yield,  candle-power  and  heating  value  obtained  with 
silica  retorts  and  settings  over  a  period  of  three  months,  were 
as  follows: 

Average  cubic  feet  gas  made  per  pound  coal 5.38 

Average  candle-power  of  gas  made 16.5 

Average  B.  t.  u.  per  cubic  foot 609.0 

Mr.  Huber  is  to  be  congratulated  on  the  excellent  results 
obtained  with  the  Louisville  installation  and  the  careful 
records  of  installations,  operation  and  maintenance  which  he 
is  now  able  to  present  in  so  thorough  a  manner. 

The  Chairman:    May  we  hear  from  Mr.  Mueller? 

Mr.  M.  E.  Mueller  (Astoria,  Long  Island,  N.  Y.) :  At 
Astoria,  we  have  an  installation  of  inclined  retorts  which  dif- 
fer somewhat  from  those  described  in  Mr.  Ruber's  paper  and 
in  the  written  discussions  which  have  been  submitted,  mainly 
in  the  fact  that  the  retorts  are  longer,  20  ft.  long  instead  of 
15  to  18  ft.  long.  These  retorts  are  set  on  an  angle  of  33 
degrees,  and  we  normally  charge  1,000  lbs.  of  coal  every  six 
hours.  On  a  test,  we  have  charged  as  much  as  1,900  lbs.  of 
coal  into  a  retort,  but  that  could  not  be  carried  out  in  operating 
conditions.  That  was  an  inclined  retort,  charged  as  full  as 
possible,  and  under  those  conditions,  it  would  run  similarly  to 
a  vertical  retort.  It  was  very  difficult  to  get  the  coke  out  of 
the  retort  in  that  case. 

One  of  the  principal  difficulties  which  we  have  had  with  in- 
clined retorts  is  getting  coal  into  the  retort  There  are  se\'- 
cral  distinct  causes  which  bring  about  this  trouble.  One  of 
them  is  that  the  bottom  of  the  retort  gets  rough  and  that  coal 
will  not  run  into  the  retort.  Another  trouble  we  have  had,  is 
that  where  the  coal  first  strikes  the  retort,  it  forms  a  depres- 
sion in  the  retort,  which  tends  to  hold  the  coal  back.  We  have 
overcome  this  to  a  certain  extent  by  changing  the  angle  of  the 
charging  chutes,  so  that  the  coal  will  not  strike  the  bottom  of 
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the  retort  at  such  a  sharp  angle.  But  the  principal  trouble 
that  we  have  found  in  getting  coal  into  the  retorts  has  been 
that  the  lower  section  of  our  retort — our  retorts  being  built  in 
two  sections — ^have  in  many  cases  come  up  at  the  joint,  form- 
ing an  oflFset  which  quite  effectually  prevents  the  coal  getting 
to  the  bottom  of  the  retort.  We  have  used  pans,  such  as  Mr. 
Huber  mentions  in  his  paper,  to  help  out  this  trouble,  and  they 
are  quite  effective,  but  there  is  the  greatest  difficulty  in  getting 
the  men  tou  se  them. 

We  have  also  had  the  same  trouble  that  Mr.  Huber  illus- 
trates in  his  paper  on  page  412,  of  the  walls  of  the  oxide  flue 
caving  in,  and  wet  believe  we  have  overcome  that  trouble  in 
the  same  way  that  Mr.  Huber  has,  by  putting  in  suitable 
braces.  Unless  our  recuperators  are  kept  in  good  condition 
and  carefully  watched,  it  is  a  difficult  matter  to  keep  the 
proper  heats  in  the  benches.  It  takes  a  great  deal  of  attention 
to  see  that  the  recuperators  are  kept  tight.  Another  difficulty 
is  to  get  a  uniform  heat  throughout  the  entire  length  of  the 
retort.  Our  retorts  are  longer  than  any  of  these  which  have 
been  mentioned,  and  probably  the  longer  the  retort,  the  more 
difficult  it  is  to  get  a  uniform  heat  throughout.  In  the  design 
of  our  benches,  this  is  supposed  to  be  accomplished  by  shifting 
tile  in  the  oxide  flue,  but  although  this  works  very  satisfactor- 
ily in  a  new  bench  when  the  tiles  shift  easily,  in  an  old  bench, 
when  the  blocks  begin  to  sag  and  patching  cement  drops  down 
into  the  flue,  these  tile  become  cemented  to  the  wall  and  it  is 
very  laborious  work  shifting  these  tiles.  We  have  tried  to 
obtain  an  even  distribution  of  the  heat  by  putting  in  the  upper 
part  of  the  flue,  between  the  top  retorts,  tile  with  small  open- 
ings, we  have  found  it  necessary  to  resort  to  the  use  of  shifting 
operate  very  satisfactorily,  the  heat  being  very  uniform  from 
end  to  end.  In  other  benches,  with  tile  of  the  same  size  open- 
ings, we  have  found  it  necessary  to  resort  to  the  use  of  shifting 
tile  in  the  oxide  flue  to  prevent  overheating  in  some  parts  of 
the  retort. 

We  have  also  at  times  had  trouble  with  the  front  wall 
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of  a  bench  coming  out,  due  to  the  outward  thrust  of  the  re- 
tort, and  we  are  at  present  building  this  wall  heavier,  and 
hope  to  overcome  the  difficulty  in  that  way.  Our  greatest 
difficulty  has  been  with  stopped  standpipes.  There  is  no 
doubt  but  what  some  of  this  trouble  is  due  to  the  n^lect  of 
the  stokers,  but  not  by  any  means  all  of  this.  Small  charges, 
uneven  charges,  or  high  local  heats  in  any  part  of  the  retort, 
will  all  bring  about  stopped  standpipes.  A  new  bench  will 
run  for  months  without  a  sign  of  a  stopped  pipe,  but  as  soon 
as  anything  goes  wrong  with  the  bench,  stopped  pipes  will 
occur.  I  believe  that  90  per  cent,  of  all  defects  in  an  inclined 
bench  will  sooner  or  later  show  up  in  the  form  of  a  stopped 
standpipes.  There  is  one  other  point  I  should  like  to  call  at- 
tention to,  and  that  is,  the  matter  T>f  scurfing  inclined  retorts. 
Most  of  the  carbon  in  our  inclines,  at  any  rate,  collects  on 
the  roof  of  the  retort  near  the  lower  mouth  pieces.  When 
this  carbon  first  collects  it  is  very  soft  and  can  be  scraped  off. 
We  have  found  that  by  scraping  the  retort  once  or  twice  a 
day,  scraping  off  this  carbon  at  the  lower  end  of  the  retort,  it 
is  possible  to  keep  the  retort  clean  for  a  much  longer  time. 
It  also  prevents  the  stoppage  of  the  gas  in  the  retort,  which 
frequently  happens  if  a  heavy  carbon  accumulates  on  the 
roof  of  the  retort,  causing  leakage  of  the  upper  mouthpiece. 

Mr.  F.  E.  Drakk  (Lynn,  Mass.)  :  I  think  Mr.  Huber  de- 
serves a  great  deal  of  credit  and  a  hearty  vote  of  thanks  for 
the  frank  statement  of  facts  and  the  complete  paper  which  he 
.  has  presented  here  to-day. 

There  are  several  questions  which  I  wish  to  ask.  First: 
Are  not  his  figures  all  in  net  tons?  I  should  judge,  from 
figuring  it  out  myself,  that  they  were.  Also,  I  would  like  to 
ask  Mr.  Huber  where  he  obtained  the  factor  0.02168  which 
is  given  on  page  432  and  which  he  uses  in  transferring  his 
ammonia  from  ounce  gallons  to  pounds? 

After  having  read  this  excellent  paper,  I  thought  it  might 
be  of  interest  to  the  members  of  the  Institute  to  know  what 
we  were  doing  at  Lynn,  so  with  that  end  in  view,  I  com- 
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piled  a  table  which  gives  the  actual  operating  results  from 
October  i,  1913,  to  October  i,  1914.  These  results  are 
representative  of  what  has  been  done  at  Lynn  since  the  inclines 
were  first  fired  up  in  1903.  We,  of  course,  have  run  the  whole 
gamut  of  good,  bad  and  indifferent  operation,  as  most  ^jas 
works  have,  and  at  times  have  obtained  as  high  as.  20,000  ;>er 
retort,  and  at  others  as  low  as  14,000,  but  the  results  for  the 
past  year  are  fair  averages  of  what  can  be  and  has  been  done 
at  Lynn. 

The  Lynn  installation  consists  of  ten  benches  of  nines  in 
two  stacks  of  five  each.  The  retorts  are  18  ft.  long;  16  in.  x 
23  in.  top,  and  16  in.  x  25  in.  bottom.  The  furnaces  are  of 
the  outside  regenerative  type,  3  ft.  o  in.  x  4  ft.  7>4  in. 
X  7ft.  o  in.  Under  four  of  the  benches,  we  have  rebuilt  the 
furnaces,  returning  the  flue  gases  under  the  grates,  and  making 
a  much  larger  furnace,  they  being  5  ft.  x  5  ft.  x  7  ft.  2  in. 
The  original  benches  were  of  imported  German  material,  Ger- 
man made,  and  we  obtained  a  life  of  from  four  to  five  years,  at 
the  end  of  thaf  time  renewing  the  retorts  from  the  lower  retort 
saddle  block  up.  Last  year  we  renewed  two  benches  from  the 
discharging  floor  up,  using  silica  sectional  retorts  and  doing 
away  with  all  shifting  tile,  which  was  quite  a  radical  departure 
from  the  old  style  bench  and  which  apparently  is  a  long  step 
forward  in  the  right  direction,  for  it  simplifies  to  a  wonderful 
extent  the  bench  operation.  One  other  radical  change  was 
made  in  this  renewal;  the  retort,  instead  of  being  tapered, 
was  made  straight,  being  16  in.  x  25  in.  the  entire  length. 
These  benches  have  been  in  operation  since  last  May  and  we 
are  obtaining  good  results,  although  in  the  next  refilling  we  are 
making  changes  which,  from  the  experience  we  have  gained 
with  the  present  setting,  we  believe  will  still  further  improve 
our  results. 

In  regard  to  the  table  which  is  appended,  I  would  like  to 
state  that  all  gas  is  corrected  for  temperature,  all  coal  is  in 
gross  tons,  and  the  ammonia  results  are  taken  directly  from  our 
sales  to  the  chemical  company  who  purchase  our  entire  con- 
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centrate.  The  candle-power  is  obtained  on  a  lOO  in.  closed  bar 
photometer  with  an  Argand  D  burner. 

Regarding  the  "Make  per  man  per  24  hours,"  I  wish  to  call 
your  attention  to  the  fact  that  our  union  stokers  work  but 
eight  hours  per  day.  When  we  run  nine  benches,  we  must  have 
eight  men  per  shift;  with  eight  benches,  seven  men  per  shift, 
and  when  we  get  down  to  seven  benches,  we  must  have  six 
men  per  shift,  and  have  extra  men  from  outside  to  dump  the 
tar  drums.  In  my  figures,  I  have  also  included  the  retort  house 
foreman. 

The  table  on  page  442  gives  the  results  from  October  i,  1913, 
to  October  i,  1914. 

The  Chairman:  We  are  indebted  to  Mr.  Drake  for  his 
complete  figures,  constituting  the  statement  of  a  year's  oper- 
ation. 

Mr.  J.  H.  Taussig  (Philadelphia) :  I  have  never  run  an 
inclined  bench,  but  one  reading  this  paper  is  very  much  im- 
pressed with  two  or  three  things.  One  of  them  is  the  free- 
dom from  break  downs  in  this  plant.  To  have  one  break  down 
a  year,  and  that  does  not  seriously  impair  the  operation  of 
the  plant,  is,  I  think,-an  argument  for  a  plant  equipped  as  this 
one  is.  Another  thing  is  the  rather  long  life  of  retorts.  One 
would  think  though,  that  a  mistake  was  made,  as  in  many 
other  coal  gas  plants,  in  running  retorts  beyond  their  econ- 
omical life.  I  have  seen  many  plants  in  which  the  superin- 
tendents wanted  to  get  a  certain  life  out  of  their  retorts  despite 
the  fact  that  they  were  losing  maybe  10  to  15  per  cent,  of  the 
gas,  and  patching  the  retorts  almost  every  draw.  I  think  this 
is  very  poor  economy.  One  would  think  from  looking  at  the 
pictures  in  the  paper  that  this  plant,  although  it  had  very 
excellent  results  for  a  long  period,  would  have  improved  these 
results  considerably  had  they  shut  the  benches  down  and 
repaired  them  before  they  were  in  such  bad  condition. 

Mr.  J.  A.  Perry  (Philadelphia)  :  I  should  like  to  know, 
with  the  silica  retort  in  use,  was  there  any  noticeable  reduction 
in  furnace  fuel  per  ton  of  coal  carbonized?    And  also  was 
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there  any  increase  in  gas  made  per  retort  or  bench  per  day  over 
the  clay  retorts? 

Mr.  R.  Lindsay  (New  Bedford,  Mass.)  :  I  should  like  to 
know  whether  the  coal  was  measured  or  weighed  before  going 
into  the  retorts  ? 

The  Chairman:  Mr.  Huber,  will  you  close  the  discus- 
sion ? 

Mr.  Huber:  The  trouble  that  Mr.  Mueller  has  had  coin- 
cides very  closely  with  what  we  have  had  at  Louisville.  A 
question  was  asked  about  net  ton  or  gross  ton.  It  is  2,000 
pounds  per  ton.  There  was  a  question  asked  in  regard  to  the 
coefficient  in  arriving  at  the  quantity  of  ammonia.  That  was 
the  coefficient  we  have  been  using,  and  I  am  not  able  to  say 
whether  it  is  correct  or  not,  but  I  feel  it  is  approximately.  In 
regards  to  measurement  of  coal,  it  was  measured  quantities  in 
portable  charges  daily,  but  in  our  weekly  result  from  191 1, 
coal  was  weighed. 

Measurements  of  coal  were  in  bushels,  2,688  cubic  inches 
and  this  multiplied  by  76  lbs. ;  that  was  explained  in  the  paper. 

Mr.  Drake:  Regarding  increased  results  with  silica  re- 
torts, I  would  say  that  we  have  only  been  operating  them 
since  last  May,  so  we  cannot  say  just  what  we  are  going  to 
get  for  life,  but  we  feel  that  we  are  able  to  run  rather  higher 
heats  with  the  silica  retorts  and  get  somewhat  better  results. 
They  are  in  a  stack  with  ten  other  benches,  so  we  cannot  tell 
what  each  individual  bench  is  doing.  Regarding  furnace  fuel, 
from  rough  tests  which  we  have  made,  we  feel  that  we  are 
getting  slightly  better  results  than  with  our  old  type  generator, 
some  3  or  4  lbs.  better,  I  should  say. 

The  Chairman  :  We  have  a  written  discussion  from  Mr. 
Egner.  I  am  very  sorry  he  is  not  here  to  give  an  abstract  of  it 
himself.  It  reinforces  some  of  the  points  that  have  already 
been  set  forth,  and  will  be  included  in  the  discussion. 

Mr.  Frederick  Egner  (Washington,  D.  C.)  (Written  dis- 
cussion communicated)  :  Mr.  Huber  deserves  commendation 
for  the  careful  record  he  has  kept  by  means  of  his  "duration 
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charts/'  photographs,  and  other  helps  to  illustrate  the  life  of 
his  benches.     These  graphic  descriptions  are  well  worth  con- 
sideration on  the  part  of  those  gas  engineers  who  think  and  say 
that  our  American  material  is  not  as  good  as  the  German  or 
English  refractories.     Mr.  Huber,  in  his  paper,  demonstrates 
that  American  fire-clay  material,  properly  made  or  mixed  in 
the  first  place,  is  as  good  as  any  that  ever  came  across  the 
Atlantic  Ocean.     The  material  which  entered  into  the  con- 
struction of   the   Louisville  benches   came   from   St.   Louis 
was,    as  I  know,  properly  weathered  when  first   dug  from 
the    mines,    was   given    the    proper   admixture   of    fire-sand, 
thoroughly  treated  in  the  mills,  and  such  material  when  made 
up  into  retorts,  brick  or  tile,  by  experienced  men,  is  bound  to 
give   results  such  as  Mr.  Huber  has  shown  us.     I  did  not 
mention  St.  Louis  material  to  creatie  the  impression  that  it  is 
the  best,  or  better  than  any  other,  because  during  the  many 
years  of  my  active  connection  with  coal  and  water  gas  works 
I  have  found  Pittsburgh,  New  Jersey,  and  a  number  of  other 
American  fire-clay  producing  localities  from  which  unsurpassed 
refractory  articles  were  and  are  still  turned  out.     "It  is  all 
in    the  mix,"   as   one   of   the   foremost   fire-clay   men   once 
remarked  to  me. 

The  really  most  important  thing  brought  out  by  Mr.  Huber 
in  his  paper,  strikes  me  to  be  the  fine  showing  for  American 
fire-clay  material  which  he  has  now  brought  before  us.  I 
visited  the  Louisville  gas  works  several  times  while  these 
benches  were  getting  their  first  heating  up,  and  I  fairly 
trembled  more  than  once  when  observing  here  and  there  a 
bench  grossly  neglected  on  part  of  the  firemen,  who  had  let  the 
furnace  go  nearly  empty,  with  primary  and  secondary  air 
slides  wide  open,  or  even  lying  upon  the  cellar  floor.  I  am 
therefore  greatly  pleased  to  learn  from  the  paper  under  dis- 
cussion that  these  benches  lasted  on  an  average  of  five  and 
one-half  years,  an  unusually  long  period  for  coal  gas  benches 
anywhere,  and  of  whatever  material  they  may  be  made.  These 
benches  were  given  intelligent  and  careful  management,  else 
results  shown  could  not  have  been  obtained. 
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As  the  archives  of  the  American  Gas  Institute  are  not  over- 
burdened with  references  concerning  the  inclined  retort  sys- 
tem, it  may  be  permissible,  and  even  desirable,  for  the  sake  of 
amplif)ring  our  published  Proceedings^  to  go  a  little  further 
into  the  subject  of  the  operation  of  inclined  retorts  than  Mr, 
Huber  has  done  in  his  good  paper.  Therefore,  I  submit  in 
connection  with  the  tables  furnished  by  Mr.  Huber,  certain 
data  furnished  me  in  a  signed  statement  by  Mr.  S.  Y.  Shou- 
bridge,  at  present  the  Engineer-Manager  of  the  Crystal  Palace 
District  gas  works  of  the  South  Metropolitan  Gas  Company, 
of  London,  England,  but  at  that  time  in  a  like  capacity  at 
Salford.  And  I  believe  that,  although  the  results  recorded 
by  Mr.  Shoubridge  date  back  17  years,  a  comparison  with 
Mr.  Ruber's  figures  will  not  be  uninteresting  at  this  time,  when 
we  remember  the  relationship  of  design,  as  one  might  designate 
the  respective  benches,  though  the  results  of  one  were  "Made 
in  England,"  and  the  other  at  Louisville,  Kentucky,  United 
States  of  America. 

The  Salford  benches  had  been  only  two  years  in  operation 
when  I  saw  them  (April  and  May,  1897),  and  when  Mr.  Shou- 
bridge favored  me  with  a  copy  of  his  carbonizing  figures, 
and  I  may  add  now,  that  in  later  years  the  results  were  much 
more  favorable  than  those  quoted  herewith.  Because  of  the 
above  reasons,  I  shall  use  only  those  figures  of  Mr.  Ruber's 
which  refer  to  about  the  same  space  of  time,  vis,,  one  year 
(See  pp.  432  and  433  of  the  paper),  when  the  retorts  were 
new  and  supposedly  at  their  best  at  Louisville,  that  is,  in  the 
year  1902. 

Mr.  Huber  states  on  page  430,  that  during  the  years  1901-02- 
03,-they  required  7.79  bushels  (2,688  cubic  inches  per  bushel) 
of  coke  to  carbonize  one  ton  of  coal,  which,  in  other  words, 
means  that  they  used  about  20  per  cent,  of  the  cdce  made,  and 
when  the  European  standard  is  employed,  it  means  that  they 
did  their  work  with  13.63  lbs.  of  coke  per  100  lbs.  of  coal  car- 
bonized, which  I  think  was  very  good  work.  At  Salford  they 
used  16  lbs.  of  coke  per  100  lbs.  of  coal,  but  the  coke  is  de- 
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Salford,  1897. 


Weight  per  charge  • 


672  lb. 


Daration  of  charges 6  hr. 

Could  carbonize  above  weight 
coal  easily  in  4  hr.,  but  thinks 
••It  is  better  for  the  settings  to 
work  with  less  heat  We  can, 
and  occasionally  do,  vary  both 
the  weight  of  diarge  and  time 
oi  carbonizing."  (Shoubridge) 


Average  yield  of  gas  per  lb 

4.54  cu. 


ft. 


Candle-power  not  stated. 

But  in  England  they  rarely  make 
over  15.00  candle  gas,  and  in 
many  cases  even  less.  (F.  E. ) 


Make  per  retort  in  24  hr. 
Average,  12,230  cu.  ft.    (In  later 
years  made  18,345  cu.  ft.  per 
retort  in  24  hr. ) 

Average  per  bench..  85,610  cu.  ft 
Highest,  later  years,  138,415  cu.  ft. 

Made  per  man  employed  in  the 
retort  house  per  day,  76,209  cu. 
ft.  The  day  was  divided  into 
three  shifts  of  8  hr.  each. 


Louisville,  1902 


Weight  of  charge* . .  700  to  750  lb. 

Duration  of  charges 5  to  6  hr. 

Had  run  on  4-hr.  charges,  but 
did  better  with  5  and  6  hr. 
(pp.  410  and  426)  **The  work- 
ing basis  beinc;  5  hr.  Charges 
were  changed  according  to 
grade  ofcoalreceived. "  (Huber ) 


Average  yield  of  gas  per  lb 

4-93  cu.  ft. 

With  assistance  of  oil 

16.66  c-p.  (p.  430) 

But  in  later  years  without  oil, 
from  15.62  down  to  14.13  c-p. 
(I  wonder  if  the  volume  of  gas 
from  the  oil  was  credited  to  the 
inclined  benches?  F.  E.) 

Make  per  retort  in  24  hr. 
Average  of  highest  and  lowest  in 
year  1902   (p.  432)    i5.«45  cu. 
ft     Highest,   Dec.,  1902,   was 
17,448  cu.  ft. 

Same  average 9^47©  cu.  ft. 

Highest,  Dec.,  1892,  104,688  cu.  ft. 

Made  per  **stoker**  only,  per  day 
averaging  for  the  year  1902, 
91,480  cu.  ft,  though  * 'highest** 
given  by  Mr.  Huber  is  99,840 
and  '^lowest*'  67,518  cu.  ft.  (o. 
432).  Two  shifts  only.  (p.  411  ). 


scribed  by  Mr.  Shoubridge  in  his  statement  of  that  remote 
date,  as  being  of  poor  quality,  whereas  that  made  from  the 
second  and  fotuth  pool  (Youghiogheny)  gas  coal  of  which 
Mr.  Huber  writes  that  they  used  75  per  cent.  (p.  432)  is  usually 
unsurpassed  as  to  quality.  I  thought  that  by  now  the  coal 
named  had  been  exhausted,  but  the  Penn  and  Westmoreland 
and  coals  mined  in  that  section  are  also  good,  and  the  very 
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best  coal  that  I  ever  had  experience  with  came  from  some- 
wh  re  in  Kentucky. 

I  cannot  agree  with  Mr.  Huber  where,  on  p.  429,  he  says  of 
his  negro  coal  men,  "An  ordinary  white  man  would  not  stand 
their  speed."  I  dare  say  that  this  is  true  of  Louisville,  Ky., 
but  I  have  never  yet  seen  a  negro — with  a  few  rare  exceptions 
— who  could  do  as  much  hard  work  in  a  day's  labor  as  a  suit- 
able white  man  could,  either  in  a  retort  house  or  in  the  ditch 
with  the  street  main  arid  service  gangs.  By  suitable,"  I  mean 
a  man  fitted  to  do  the  work  required. 

It  would  have  been  interesting  if  Mr.  Huber  had  given  a 
few  comparative  figures  as  to  results  between  their  former 
horizontal  retort  benches  and  the  inclines.  It  goes  without 
saying  that  had  the  inclines  not  done  better,  they  would  not 
have  continued  with  them  for  nearly  14  years,  or  until  the 
bringing  in  of  natural  gas  caused  the  shutting  down  of  the 
artificial  gas  works.  Hence,  I  think  I  may  be  excusable  if  I 
submit  some  more  of  Mr.  S.  Y.  Shoubridge's  statements  bear- 
ing on  the  relation  between  horizontal  and  inclined  benches, 
as  he  had  both  at  the  Salf  ord  works.  I  beg  leave  once  more 
to  call  your  attention  to  the  fact  that  while  the  Salford  data 
was  obtained  17  years  ago,  the  comparative  values  are  as  useful 
to-day  as  when  first  recorded,  although  the  performances  of 
inclined,  as  well  as  horizontal  retort,  benches  has  been  some- 
what improved  since  then  everywhere.  Mr.  Shoubridge's 
statement  of  1897  is  given  on  page  449. 

"The  weight  of  charges  and  duration  of  charge  was  the 
same  for  both  inclined  and  horizontal  retorts,  tns:  (At  that 
time)  6-cwts.  (or  672  lbs.)  per  charge  every  six  hours. 

"The  temperature  of  the  retorts  can  easily  be  adjusted  to 
carbonize  6-cwts.  in  four  hours,  but  it  is  found  better  for  the 
setting  to  work  at  less  heat."  The  fuel  used  in  both  the  in- 
clined and  horizontal  retorts  is  the  same  in  quantity  and  equal- 
ity, 2/ixr. :  16  lbs.  of  coke  of  a  very  poor  quality,  per  100  lbs.  coal 
carbonized. 
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I  —Cost  per  setting 
of  inclined  re- 
torts: (I  under- 
stand that  Mr.  S. 
had  changed  to 
2o-ft.  long  retorts 
later  and  no 
doubt  these  fig- 
ures referred  to 
the  latter.  F.E.) 

2 — Do.  of  horizon- 
tal retorts:  (The 
j^  or' *pound  ster- 
ling" is  $4-87. 
F.E.) 

3 — Space  occupied 
bj  a  setting  or 
bench  of  inclined 
retorts. 


4 — Space  occupied 
by  horizontal  re- 
tort 20  ft  long. 


Cost  per  setting  of  7  retorts  20  and  (?)  long  on 
slope  ;£924  ($4,499.88).  This  includes  all  brick- 
work, retorts,  ironwork,  proportion  of  the  charg- 
ing, drawing  coke  floors,  chimney,  overhead 
storehoppers,  gas  engine,  coal-breaker,  elevator 
and  conveyors.  F.  E. 


Cost  per  setting  of  7  retorts  20  ft.  long  of  same  sec- ' 
tion  as  the  inclined  retorts— j£868   ($4,227.16), 
including  all  retorts,  brickwork,  and  ironwork, 
and  proportion  of  charging  and  coke  floors. 

F.  E. 


II  ft.,  8  in.  X  17  ft.,  o  in.  '^D's'*  retorts  20  in.  X 
16  in.  at  top  to  22  in.  X  16  in.  at  bottom;  20  ft., 
oin.  long  on  "slope.**  (I  believe  the  figure 
20  ft.,  o  in.,  is  an  error.     F.  E. ) 


'D's**  22  in.  X  16  in.  X  -^o  ft.     11  ft,  8  in.  X 
20  ft.,  o  in.  throughout 


"There  is  no  saving  by  inclined  retorts  under  any  head,  but 
only  in  the  charging  and  drawing." 

Being  asked  how  the  inclines  compared  with  the  horizontal 
retorts  in  cost  for  repairs,  he  replied:  "Have  not  needed  re- 
pairs as  yet.  (After  two  years  in  operation.)  Am  strongly  of 
opinion  the  retorts  will  last  longer  than  'horizontals/  and  the 
cost  of  repairs  will  be  less,"  which  Mr.  Huber  seems  to  have 
demonstrated  to  have  been  the  case  in  his  experience.  If  not, 
he  might  now  tell  us  about  that.  The  writer,  as  some  of  you 
know,  had  been  at  one  time  an  ardent  advocate  of  the  in- 
clined retort  system,  and  is  naturally  greatly  pleased  to  learn 
from  Mr.  Ruber's  paper  that  the  stand  he  took  nearly  25 
years  ago  on  that  subject  turned  out  so  well,  at  least  in  Louis- 
ville, Kentucky. 

There  are  other  places,  probably,  where  the  inclined  retorts 
were  successful  in  the  United  States,  for  they  were  universally 
successful  at  a  great  many  works  in  Europe  and  Tokio,  Japan, 
29 
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but  there  is  one  small  plant  of  inclined  retorts  which  he  knows 
was  and  still  is  successful,  vis:  at  Fredericksburg,  Viipnia. 
Mr.  Huber  has  explained  the  cause  of  coal  slipping  in  the 
retorts  very  cleverly,  and  it  is  a  pity  we  did  not  have  such  an 
explanation  a  quarter  of  a  century  ago,  when  the  coal  slipping 
in  the  retorts  was  frequently  made  a  fetching  argument  against 
the  adoption  of  the  inclined  system.  Now,  when  "horizontals 
and  inclines"  may  be  considered  to  be  in  the  same  class  with 
the  writer  perhaps,  viz. :  "back-numbers,"  it  seems  almost  a 
waste  of  time  to  read  and  discuss  a  paper  on  that  subject,  but 
having  been  invited  to  participate,  I  did  what  I  could  think  of 
to  help  to  "keep  the  ball  rolling."  In  view  of  what  is  now 
accomplished  with  the  vertical  retorts  and  chamber  oven  or 
"By-product  Coke  Oven"  systems  of  various  designs,  it  ap- 
pears to  me  that  the  "inclines"  are  hopelessly  outclassed  as 
desirable  for  large  gas  works,  but  for  smaller  works,  they  may 
still  be  worth  while  thinking  about  when  rebuilding  or  en- 
larging must  be  considered. 

Mr.  E.  L.  SpEnckr  (New  York)  :  I  move  that  a  vote  of 
thanks  be  extended  to  Mr.  Huber  for  his  very  interesting 
paper. 

The  motion  was  seconded  and  carried. 

The  Chairman:  The  next  scheduled  business  is  the  Re- 
port of  the  Committee  on  Progress  in  Carbonization  Methods, 
by  Mr.  E.  L.  Spencer,  Chairman,  of  New  York, 

REPORT  OF  THE  COMMITTEE  ON  PROGRESS  IN 
CARBONIZATION  METHODS. 

The  general  business  depression  which  has  prevailed 
throughout  the  country  during  the  past  year  has  been  felt  to  a 
considerable  extent  by  those  interested  in  the  design  and  con- 
struction of  carbonizing  apparatus,  and  the  number  of  plants 
contracted  for  during  that  period  has  been  much  below  Ac 
normal.  However,  numerous  installations  which  were  under 
construction  at  the  time  of  the  last  Institute  meeting,  have 
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been  placed  in  operation,  and  several  very  interesting  designs 
of  bench  details  have  been  worked  out,  and  are  submitted  in 
the  following  pages. 

There  is  no  doubt  that  silica  material  for  bench  construction 
is  finding  many  converts  among  gas  engineers.  This  material 
has  been  used  successfully  in  numerous  horizontal  retort  houses. 
A  successful  application  of  it  to  inclined  benches  has  recently 
been  made  at  Lynn,  Mass.,  where  4  benches  of  9's  have  been 
rebuilt  with  silica  setting  blocks  and  sectional  silica  retorts. 
These  retorts  have  parallel  sides,  instead  of  being  tapered  as 
is  usual  with  inclines. 

The  builders  of  the  well-known  plant  at  Worcester,  Mass., 
report  that  they  are  engaged  in  the  erection  of  several  installa- 
tions of  horizontals  which  contain  novel  features.  These 
plants  consist  of  silica  benches  of  16  retorts  each.  They  are 
equipped  with  standpipes  of  rectangular  section,  which  are 
located  at  the  partition  walls  of  the  benches  and  act  as  front 
buckstays.  To  each  standpipe  is  connected  16  retorts.  The 
hydraulic  main  is  in  the  cellar.  The  stoking  machines  are 
equipped  with  automatic  devices  for  weighing  the  retort 
charges  and  also  the  fuel  fed  to  the  generators.  Further  de- 
tails regarding  these  installations  are  to  be  published  at  a 
later  date. 

The  installations  of  horizontals  at  Madison,  Salem  and 
Philadelphia,  which  were  mentioned  in  last  year's  report,  have 
since  been  placed  in  successful  operation,  and  a  similar  plant 
is  being  erected  at  Toledo  by  the  same  contractors.  All  these 
plants  are  constructed  of  silica  material,  are  machine  stoked 
and  are  equipped  with  a  CO,  return  system.  They  are  further 
described  and  illustrated  in  the  following  pages. 

During  the  past  year,  improved  charging  and  discharging 
machines  of  the  DeBrouwer  type  have  been  installed  at  Salem 
and  St.  Louis.  These  machines  are  of  the  projector  type,  and 
are  equipped  with  weighing  hoppers  and  automatic  feeding 
rolls.    The  speed  of  the  belt  is  automatically  slowed  down,  as 
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the  retort  is  filled.  At  the  Salem  plant  both  the  charger  and 
discharger  are  mounted  on  the  same  carriage,  and  this  t3rpe  of 
apparatus  is  economically  used  in  a  retort  house  of  600,000 
cu.  ft.  daily  capacity. 

In  this  report  will  be  found  illustrations  of  manual  charging 
apparatus  suitable  for  small  retort  houses. 

There  is  also  found  a  description  of  the  Congdon  scrubber 
standpipe  as  used  at  Atlanta,  together  with  an  account  of 
various  attempts  which  have  been  made  in  past  years  to  elim- 
inate standpipe  trouble. 

There  has  recently  been  placed  on  the  market  a  producer  as 
illustrated,  which  is  stated  to  be  capable  of  operating  on  bi- 
tuminous coal  or  lignite,  and  which  was  designed  to  supply 
producer  gas  for  heating  carbonizing  apparatus. 

Vertical  benches  of  the  Woodall-Duckham  t3rpe,  which  were 
under  construction  at  the  time  of  the  last  Institute  meeting, 
have  been  placed  in  operation  in  the  following  cities :  Holyoke, 
Mass. ;  Derby,  Conn. ;  Brockton,  Mass.,  and  Schenectady,  N.  Y. 
The  largest  of  these  is  the  Schenectady  plant,  with  a  cai>acity 
of  1,250,000  cu.  ft.  per  day.  The  retorts  of  the  Derby  plant 
are  made  of  silica. 

During  the  past  year,  vertical  benches  of  the  Glover- West 
type  have  been  placed  in  operation  at  Fitchburg,  Mass.,  and 
Pawtucket,  R.  I.  Both  installations  were  described  in  last 
year's  report.  Installations  of  this  type  of  benches  are  under 
construction  at  Portland,  Me.,  and  Springfield,  Mass.  The 
Springfield  plant  will  have  an  ultimate  capacity  of  1,500,000 
cu.  ft.  daily,  the  others  being  smaller. 

Vertical  benches  of  the  intermittent  t3rpe  have  been  erected ' 
at  Fall  River,  Mass.,  and  Hartford,  Conn.,  each  installation 
having  a  capacity  of  1,050,000  cu.  ft.  per  day. 

Two  interesting  installations  of  small  gas  ovens  have  re- 
cently been  erected  in  Europe.  Some  operating  figures  and  a 
description  of  the  plant  at  Innsbruck,  Austria,  which  is  of  this 
nature,  are  appended. 
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:  is  proposed  to  erect  this  type  of  plant  for  installations 
ing  a  capacity  of  from  500,000  to  1,000,000  cu.  ft.  per  day. 
.  large  coke  oven  plant  is  being  erected  at  St.  Louis,  Mo., 
ch  is  so  designed  that  the  ovens  can  be  converted  to  gas 
IS  if  desired.    It  is  expected  that  this  plant  will  be  in  opera- 

during  the  spring  of  191 5. 

;  has  been  suggested  to  the  Committee  that  a  study  of  the 
Der  preparation  of  bituminous  coal  for  gas  making  is  a  sub- 

which  would  be  of  interest  to  those  operating  carbonizing 
Its.  In  this  connection  may  be  quoted  a  letter  from  a 
-known  engineer  who  is  engaged  with  a  large  coke  oven 
pany : 

This  subject  of  the  elimination  of  impurities  from  coal 
)re  carbonization  is  one  of  very  considerable  importance  in 
coke  oven  industry,  where  a  high  grade  of  metallurgical 
t  is  of  prime  importance.  Unquestionably  it  is  of  some 
ortance  also  to  coal  gas  plants,  and  will  be  of  increasing 
ortance  as  the  cost  of  the  purest  and  best  gas  coals  increases 
tively  to  the  cost  of  coals  running  somewhat  higher  in 
>hur  and  ash.  At  most  of  our  larger  plants,  we  have 
rated  Bradford  breakers  for  several  years.  This  provides 
leap  method  of  breaking  the  coal  and  does  eliminate  the 
:er  masses  of  pyrites  and  other  material  which  are  broken 
1  greater  difficulty  than  the  pure  coal.  The  reduction  in 
)hur  and  ash  by  the  use  of  this  apparatus  is  comparatively 
ht.  As  the  sulphur  eliminated,  however,  is  principally  in 
:e  masses,  we  do  secure  a  coke,  the  sulphur  content  in  which 
ery  much  more  uniform.  If  these  large  masses  of  pyrites 
:hrough  the  entire  operation,  different  samples  of  coke  taken 
m  different  parts  of  the  same  oven  may  vary  noticeably  in 
percentage  of  sulphur,  which  may  give  rise  to  controversies 
A'een  producers  and  consumers.  One  of  the  great  ad- 
itages  of  the  Bradford  breaker  in  practice  is  that  it  throws 

pieces  of  iron  and  steel,  which,  if  allowed  to  get  into  the 
verizers,  may  cause  serious  damage.  We  have  used  washed 
1  at  two  of  our  plants,  but  this  process  does  not  entirely 
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reduce  both  sulphur  and  ash.     It  results  in  making 
the  use  of  coals  which,  without  this  preliminary  tn 
would  be  ruled  out.     As  the  percentage  of  ash  in  i 
fuel  greatly  affects  the  market  value,  I  believe  that 
cases  washed  coal  might  be  of  advantage  in  gas  wo 
pecially  where  vertical  retorts  are  used." 

The  problem  of  disposing  of  the  coke  is  a  vital  on 
coal  gas  industry,  and  attention  is  called  to  Bulletin 
published  by  the  University  of  Illinois,  which  desa 
elaborate  series  of  evaporative  tests  of  coke  and  vario 
fuels  in  house  heating  boilers. 

Bulletin  No.  60,  published  by  the  same  institution 
titled  "The  Coking  of  Coal  at  Low  Temperatures",  1 
much  food  for  thought,  and  will  surely  repay  the  stud 
gas  engineers. 

The  Committee  is  of  the  opinion  that  much  good 
derived  from  formulating  in  detail  a  standard  method 
ing  gas  works,  and  we  respectfully  suggest  that  the  1 
take  steps  to  supplement  the  work  which  several  yc 
was  done  in  this  direction. 


E.  L.  Spencer,  Chain 
G.  A.  Bai,z,  I 

H.  A.  Carpenter, 

R.  C.  CONGDON,  ' 

J.  S.  DeHart,  i 

C.  J.  Ramsburg, 

D.  R.  Russell,  | 
Herman  Russell, 

E.  Y.  Sayer, 

W.  E.  Steinwedell, 

J.  H.  Taussig, 

H.  L.  Underhill.       1 
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Report  of  the  Gas  Machinery  Company. 
By  W.  B.  Steinwedell. 

The  superiority  of  benches  with  silica  retorts  and  settings 
has  been  so  conclusively  demonstrated  that  the  advisability 
of  using  them  is  now  conceded  by  all.  Silica  retorts  must, 
however,  not  be  confused  with  those  made  of  silicious 
materials,  which  contain  only  about  85  per  cent,  of  silica,  and 
which  are  frequently  inferior  to  clay  retorts.  Silica  material 
should  be  homogeneous. 

Silica  retorts,  with  silica  setting  blocks  to  support  them,  are 
essential  for  modern  and  ecoi.omical  operating  conditions,  as 
they  can  withstand  high  temperatures  for  several  years,  do 
not  shrink  nor  change  shape,  and  produce  coal  gas  at  less  cost 
than  clay  retorts.  They  have  the  following  advantages  over 
clay  retorts  and  setting^: 

1.  Greater  Durability.  Silica  materials  are  not  affected  by 
high  heats;  consequently,  refilling  of  arches  is  less  frequent, 
and  fewer  benches  are  required  for  reserve. 

2.  Less  Bench  Fuel.  Silica  has  25  per  cent,  greater  heat 
conductivity,  higher  heats  can  be  used,  and  less  carbon  ad- 
heres to  the  retorts. 

3.  Greater  Capacity  per  retort  per  day.  The  higher  heats 
permit  heavier  charges  and  shorter  time  of  carbonization; 
therefore,  fewer  benches  are  required  to  produce  a  given 
quantity  of  gas. 

4.  Increased  Strength.  Silica  maintains  uniform  strength 
at  working  temperatures;  consequently,  less  repairs  are  re- 
quired. 

5.  Retort  Alignment.  Retorts  neither  sag  nor  bulge,  as 
silica  materials  do  not  shrink  nor  soften  under  high  tem- 
peratures. This  is  especially  important  where  charging  or 
drawing  machines  are  used. 

6.  Less  Scurfing  to  remove  carbon  from  the  retorts.     Car- 
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does  not  readily  adhere  to  silica;  therefore,  retorts  are 
frequently  out  of  commission. 

number  of  additional  installations  of  benches  with  hor- 
tal  through  retorts  about  1 1  ft.  6  in.  long,  have  been  made 
ng  the  past  year,  and  the  coke  is  discharged  by  a  hand 


Fig.  2.— Hopper  for  filling  coke  charger. 

ated  coke  pusher  suspended  from  an  overhead  track.  A 
ual  coke'  pusher  can  also  run  on  a  track  level  with  the 
ating  floor,  as  shown  in  last  year's  report. 

g.  I  illustrates  a  manual  retort  charger  having  the  charg- 
scoop  made  in  halves.  It  runs  on  the  same  overhead  track 
le  coke  pusher,  and  may  be  filled  from  a  hopper,  as  shown 
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in  Fig.  2.    This  hopper  is  filled  in  the  coal  shed  and  run  into 
the  retort  house  on  an  overhead  track.    The  manual  charger 
may  also  be  filled  from  an  overhead  coal  storage  hopper. 
In  addition  to  firing  benches  with  gas  made  in  producers 
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Fig.  3.--(>as  producer  with  rotary  grate. 

provided  with  horizontal  step  and  shaking  grates,  a  gas  pro- 
ducer wfth  rotary  grate  suitable  for  burning  bituminous  coal, 
lignite,  coke  and  other  fuels,  is  shown  in  Fig.  3.  The  ef- 
ficiency of  this  producer  is  high,  as  no  heat  is  carried  away  by 
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ing  water,  and  the  fuel  is  completely  gasified  with  the 
:  and  forth  motion  of  the  rotating  grate,  and  the  ashes 
matically  discharged.  As  the  air  and  steam  enter  the 
bed  in  a  horizontal  plane,  this  producer  can  operate  with 
inimum  depth  of  fuel. 


Report  of  the  Improved  Equipment  Company. 

By  B,  Y.  Sayer. 

he  large  number  of  installations  of  the  Doherty  bench 

I  economizer,  known  as  the  CO2  return  system,  made  in 

last  few  years  has  probably  been  due  to  the  fact  that  it 

entirely  eliminated  localized  heating,  more  than  to  any 

tr  one  advantage,  giving  an  even  temperature  throughout 

settings  and  thereby  prolonging  the  life  of  the  retorts. 

i  saving  in  the  bench  fuel  and  eliminating  clinkers  in  the 

ducer  has  been  appreciated  for  some  years. 

The  results  derived  from  the  use  of  silica  material  in  sec- 

lal  retorts  and  settings  since  the  report  of  last  year,  have 

roughly    demonstrated    all    the    merits    claimed    for    this 

terial  over  the  use  of  fire  clay  and  the  so-called  one  piece 

ca  retorts. 

Philadelphia,  Pa. 

The  United  Gas  Improvement  Company  equipped  eight  of 
:ir  old  stop-end  benches  of  9*s  with  the  economizer  at 
iir  Point  Breeze  Works,  and  are  equipping  3  more  at 
s  time,  and  at  their  Richmond  Works,  they  are  equipping 
of  their  old  stop-end  benches  of  9's  with  this  process, 
so,  their  installations  of  7  vertical  benches  for  Hartford, 
►nn.,  and  Fall  River,  Mass.,  were  equipped  with  this 
ocess. 

In  1913,  this  company  was  awarded  a  contract  for  the  in- 
flation of  5  arches  and  fillings  of  21  ft.  o  in.  through 
5  for  The    United    Gas    Improvement    Company    at    their 


■^ 


Digitized  by  VjOOQIC 


i 


460 


461 


Point  Breeze  Works.    In  May,  1914,  they  awarded  this  com- 
pany another  contract  calling  for  the  installation  of  7  arches 


P>g'  5.— Waste  heat  boilers. 

and  fillings  of  the  same  design  as  the  5  previously  installed. 
This  design  is  shown  in  Fig.  4. 

These  benches  are  all  equipped  with  sectional  silica  retorts 
and  settings,  and  the  special  point  of  interest  is  the  manner 
of  applying  the  economizer  to  these  fillings,  the  COj  being 
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returned  by  means  of  fans  from  the  outlet  side  of  the  waste 
heat  boilers,  shown  in  Fig.  5,  through  Venturi  meters  and 
under  the  producers.    The  secondary  air  for  these  benches  is 
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also  introduced  by  means  of  forced  draft  through  Venturi 
meters,  as  shown  in  Fig.  6.  The  producers  are  equipped  with 
a  special  form  of  hand  shaking  grate.    The  front  and  back 
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iing  of  the  stack  of  7  benches  consists  of  H.  columns,  and 
used  for  the  support  of  the  coal  bunkers  and  the  roof. 

Madison,  Wis. 

he  main  points  of  interest  connected  with  the  installation 
he  new  coal  gas  plant  of  the  Madison  Gas  &  Electric  Com- 

y,  consist  in  the  unique  telpher  system  installed  by  the  gas 
ipany  for  the  handling  of  the  coal  and  coke,  and  the  in- 
lation  of  4  benches  of  20  ft.  o  in.  through  8's  of  silica 
erial,  the  producers  being  of  the  partially  extended  type 
ipped  with  mechanical  shaking  grates. 

Salem,  Mass. 

?he  Salem  Gas  Light  Company  awarded  this  company  the 

tract  for  3  arches  and  fillings  of  20  ft.  o  in.  through  9's, 

i  as  their  old  retort  house  was  in  excellent  condition,  with 

exception  that  it  was  not  of  sufficient  size  to  accommodate 

new  installation,  they  decided  to  raise  the  roof  and  make 

necessary  extensions  to  accommodate  the  new  equipment. 

The  coal  is  transported  from  the  coal  storage  to  the  retort 
use  by  means  of  a  belt  conveyor  into  a  bucket  elevator, 
lich  dumps  it  into  a  drag  conveyor  feeding  the  overhead 

IS. 

The  retorts  are  charged  and  discharged  by  means  of  a 
rtlett-Hayward  combined  charging  and  discharging  machine 
the  same  frame,  and  the  coke  is  transported  by  means  of 
DeBrouwer  conveyor  to  a  shaking  screen,  where  it  is  sized 
meet  local  conditions,  and  stored. 

The  producers  are  full  extended  producers,  with  double 
ors,  so  that  the  entire  width  of  the  producer  is  exposed  dur- 
y  the  cleaning  period,  which  is  once  in  24  hours.  The  COg 
returned  under  the  grates  by  means  of  one  steam  power  in- 
ctor  located  in  the  opposite  end  of  each  bench  from  the  pro- 
icer. 
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Lynn,  Mass. 

The  first  installation  of  large  benches  of  inclines  with  sec- 
tional silica  retorts  and  settings,  was  at  the  plant  of  the  Lynn 


Gas  and  Electric  Company,  the  design  of  which  was  developed 
by  this  company  in  co-operation  with  the  Lynn  Company  to 
meet  the  main  objection  to  the  inclined  type  of  filling;  that  is, 
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the  settling  of  the  retorts  soon  after  the  bench  had  been  placed 
in  operation. 

The  first  installation  consisted  of  2  fillings  of  9's  18  ft.  o  in. 
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retorts,  and  recently  the  Lynn  Company  awarded  this  company 
the  contract  for  a  duplicate  installation  of  these  fillings,  which 
are  shown  in  Figs.  7  and  8. 
These   fillings  have  the   full   extended   producer   equipped 
30 
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with  the  economizer.     One  of  the  radical  departures  from 
past  and  present  practice  in  the  building  of  these  inclines,  and 


which  has  thoroughly  proved  the  merits  claimed  for  it,  was  the 
adoption  of  a  special  design  of  sectional  silica  retorts,  for 
which  patents  have  been  applied.  Fig.  9  will  bring  out  the  de- 
tails of  this  design,  showing  the  manner  of  supporting  the 
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sectional  silica  retorts  on  the  horizontal  rests,  instead  of  placing 
them  as  customary  on  an  angle  of  32"*  to  33**.  This  entirely 
eliminates  the  end  thrust  which  has  been  a  bad  feature  of 
incline  installations. 

No  dampers  have  been  used  for  the  regulation  of  the  amount 
of  producer  gas  entering  the  combustion  chamber,  as  this  has 
been  found  unnecessary  with  the  use  of  the  CO,  return  system. 

To  meet  the  condition  obtaining  in  a  small  plant,  we  build 
small  inclined  benches  of  sizes,  as  shown  in  Fig.  10.  These 
benches  have  a  capacity  of  approximately  100,000  ft.  of  gas  per 
bench  per  day,  and  will  produce  gas  at  a  labor  cost  very  little, 
if  any,  in  excess  of  the  machine  operated  house. 

The  gas  man  who  has  old  type  stop-end,  hand  chai^^ 
benches  of  6's,  and  whose  local  conditions  will  permit  him  to 
remodel  these  stop-ends  to  short  throughs  charged  by  hand  and 
dicharged  by  means  of  a  hand  operated  machine,  may  increase 
his  carbonizing  capacity  on  his  present  foundations,  and,  at  the 
same  time,  reduce  his  labor  costs  per  thousand  feet  of  gas 
made  at  a  very  small  outlay.  This  type  of  installation  has 
been  made  in  a  great  many  plants,  and  is  giving  excellent  satis- 
faction in  every  respect. 


Report  of  the  Parker-Russell  Mining  and 
Manufacturing  Company. 
By  D,  R,  Russell. 
In  my  last  report,  I  referred  to  a  number  of  plants  which 
were  then  under  construction  but  not  completed.     Since  that 
time,  the  several  installations  referred  to  have  been  finished 
and  put  in  operation,  and  in  each  case  most  excellent  restdts 
have  been  obtained  and  a  very  large  return  in  greater  economy 
of  operation  and  larger  outputs. 

It  is  difficult  to  secure  data  as  to  operation  of  plants,  as  it 
is  the  policy  of  many  companies  not  to  give  out  figures.  I  am 
indebted  to  Mr.  R.  C.  Congdon,  of  Atlanta,  Ga.,  for  certain 
information  as  set  forth  in  the  following  letter: 

"This  plant  is  equipped  with  the  Congdon  patent  scrubber 
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standpipe  system,  and  retorts  16  in.  x  26 J4  in.  x  21  ft.  7  in. 
long. 

"When  operating  10  benches  of  9's,  the  labor  required  is  as 
follows : 

Men  Cost 

per  shift  per  M. 

Bench  fires  1.53  $0.0032 

The    Fiddcs-Aldridge    charging    and 

drawing  machine i  0.0043 

Mouthpiece  lids 3  0.0097 

No  labor  on  top 

Total  retort  house  labor  per  M  $0.0172 

"When  operating  6  benches  of  9's,  the  labor  required  is  as 
follows : 

Men  Cost 

per  shift  Per  M. 

Bench  fires   i  $0.0047 

The    Fiddcs-Aldridge    charging    and 

drawing  machine i  0.0062 

Mouthpiece  lids 3.00  0.0107 

Total  retort  house  labor  per  M  $0.0216 

"We  work  12  hour  shifts  and  7^  hour  charges. 

"The  )rield  per  pound  of  coal  for  the  first  7  months  of 
1914  is  4.85  cu.  ft.  The  average  weight  of  charge  is  1,364 
pounds.  We  use  Black  Diamond  R/M  coal  and  Westboume 
washed  nut  and  pea  coal,  the  latter  amounting  to  about  three- 
fourths  of  the  coal  used. 

"The  coal  is  brought  into  our  retort  house  by  a  scraper 
conveyor.  The  coke  is  also  handled  with  a  scraper  conveyor, 
which  is  arranged  so  that  it  can  be  operated  in  either  direction. 
The  coke  going  one  way,  drops  into  the  coke  bin,  and  in  the 
other  direction  into  the  water  jacketed  coke  buggies,  which 
are  mounted  on  rails  leading  to  the  various  water  gas  gener- 
ators. A  small  part  of  one  man's  time  is  required  to  look 
after  the  coke  and  coal  handling. 

"The  coals  we  are  using  are  of  a  cheap  grade  and  probably 
would  not  compare  favorably  with  Eastern  gas  coals. 
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"The  average  candle-power  of  the  gas  for  the  first  7  months 
of  1914  was  16.07.  Candle-feet  you  will  observe  are,  there- 
fore, high.  The  gas  was  tested  every  hour  throughout  the 
period,  using  flat  flame  burner  and  the  standard  pentanc 
lamp." 

Another  company  for  whom  we  constructed  a  plant  last 
year,  have  benches  of  8's  with  retorts  16  in.  x  26^  in.  x  20  ft. 
o  in.  long.  Also,  a  Fiddes-Aldridge  simultaneous  discharg- 
ing-charger  machine  and  McDonald-Mann  coke  quenching 
bins.  They  have  a  track  hopper,  apron  conveyor  to  coal 
crusher,  belt  conveyor  to  retort  house,  and  longitudinal  con- 
veyor over  continuous  bins.  The  coke  is  drawn  from  the 
McDonald-Mann  bins  into  cars  elevated  on  platform  elevator 
and  pushed  out  over  trestle  to  coke  pile  or  to  chutes  for  load- 
ing cars. 

The  total  cost  of  the  labor  for  operating  either  7  or  9 
benches  from  the  track  hopper  to  the  coke  pile  is  $39.10  per 
day.  The  maximum  wage  is  $2.75  and  the  minimum  wage  is 
$2.00  per  day.  They  operate  two  shifts.  The  coke  is  handled 
only  during  the  day  shift.  Coal  used  is  Kentucky ;  weight  of 
charge,  1,150  pounds ;  duration  of  charge,  8  hours ;  yield,  about 
5.10  per  pound. 

They  are  using  Illinois  steam  coal  with  which  to  heat  the 
benches.  This  coal  is  brought  in  through  the  same  apparatus 
as  the  coal  for  the  benches,  but  is  diverted  into  a  hopper  placed 
in  the  retort  house,  from  which  it  is  drawn  into  cars  and  taken 
to  furnaces. 

They  report  that  they  have  had  no  trouble  whatever  with 
the  Fiddes-Aldridge  machine,  and  the  cost  of  repairs  is  prac- 
tically nil.    The  plant  has  been  operating  for  about  a  year. 

During  the  past  year,  we  have  developed  a  special  method 
of  introducing  steam  under  the  grates  of  bench  furnaces.  This 
method  has  been  installed  at  a  number  of  different  points,  and 
has  proven  to  the  satisfaction  of  the  diflFerent  companies  that 
clinker  can  be  totally  avoided.  This  apparatus  is  very  simple 
and  inexpensive,  both  as  to  initial  cost,  repairs  and  amount  of 
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m  used,  and  can  be  attached  by  any  company.  The  oper- 
n  requires  no  attention  after  once  installed  and  regulated. 
X  Taunton,  Mass.,  we  completed  in  July,  1914,  the 
odeling  of  a  hand  operated  retort  house  into  a  modem 
:o-date  machine  installation.  The  old  plant  consisted  of 
>top-end  benches  of  6's,  which  were  replaced  by  6  through 
ches  of  8's  with  retorts  16  in.  x  26  in.  x  20  ft.  o  in. 
J,  constructed  of  sectional  silica  pieces  with  fire  clay  heads 
ported  with  specially  designed  silica  tiles.  The  benches 
e  full  depth  recuperation  and  furnaces  of  large  dimensions, 
plied  with  superheated  steam  under  the  grates,  and 
ipped  with  the  scrubber  standpipe. 

I  chimney,  placed  outside  of  the  house  at  one  end,  and  flues 
foundations,  are  so  arranged  to  permit  the  installation 
r  on  of  a  waste  heat  boiler  with  by-pass  connections, 
^'he  coal  handling  apparatus  consists  of  a  receiving  hopper 
he  coal  shed,  apron  conveyor,  crusher  and  a  bucket  elevator, 
latter  delivering  the  coal  into  the  overhead  coal  bunker  of 
)  tons  capacity,  from  which  the  charging  machine  draws  its 
>ply. 

The  coke  handling  apparatus  is  constructed  as  follows:  A 
:e  conveyor,  extending  the  full  length  of  the  house  in  front 
the  benches,  receives  the  coke  from  the  retorts  and  dis- 
irges  it  into  a  steel  night  coke  bin  on  the  outside  of  the 
ort  house.  This  coke  bin  is  arranged  to  deliver  into  wagons 
ich  pass  under  it,  or  into  buggies  which  can  be  elevated  on 
platform  elevator  located  inside  of  the  retort  house,  and 
\m  there  taken  to  storage  in  yard  on  overhead  trestle. 


PORT   OF   THE    RlTER-C0NI,EY    MANUFACTURING    COMPANY. 

By  H.  A.  Carpenter. 
A.11  of  the  retort  houses  in  course  of  construction  at  the 
isent  time  by  this  company  are  provided  with  benches  of 
retorts  each,  that  is,  2  rows,  8  high.  Last  year's  report  of 
s  committee  gave  an  accurate  idea  of  this  setting  of  retorts. 
During  the  past  year,  a  number  of  additions  and  improve- 
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ments  have  been  developed  in  connection  with  this  system  of 
horizontal  retorts.     The  retorts  are  charged  and  discharged 
by  means  of  two  machines  working  in  conjunction,  the  one 
machine  conveying  the  coal  to  the  retorts,  the  second  machine 
on  the  opposite  side  acting  as  a  producer  charger,  as  well  as 
a  transporting  means  to  enable  the  operator  to  conveniently 
open  and  close  the  lids  on  the  producer  side  for  the  discharge. 
The  charging   and   discharging  operation   requires    but   two 
men,  namely,  an  operator  for  each  of  these  machines.     Here- 
tofore, in  the  operation  of  charging  and  discharging  machinery 
for  gas  retorts,  considerable  time  has  been  lost  and  inconven- 
ience experienced  in  passing  signals  back  and  forth  between 
opposite  ends  of  the  retorts,  necessary  on  account  of  opening 
and  closing  lids  and  filling  producers  during  the  charging  oper- 
ation.   A  system  has  been  developed  whereby  the  lid  of  each 
retort  on  the  producer  side  is  locked  and  cannot  be  released 
until  the  lid  on  the  charging  side  has  been  opened,  and  the 
operator  on  the  machine  conveying  the  coal  to  the  retort  can- 
not perform  the  charging  operation  until  the  lid  on  the  op- 
posite side  has  been  opened;  the  result  of  this  arrangement 
being  that  the  operator  of  each  of  the  two  machines  proceeds 
with  his  work  without  regard  to  the  opposite  end  of  the  re- 
tort; that  is,  he  opens  his  lid,  places  his  machine  in  the  re- 
quired  position   and   throws   his   operating   switch,  but  the 
charging  operation  does  not  take  place  unless  the  operator  at 
the  opposite  end  has  reached  this  point  first,  that  is,  has  prev- 
iously thrown  his  operating  switch.    It  is  claimed  that  this  ar- 
rangement reduces  the  total  time  of  the  charging  operation, 
as  well  as  the  time  each  retort  is  open  to  the  atmosphere,  pre- 
vents the  opening  of  more  than  one  retort  at  a  time  and  de- 
creases labor. 

The  charging  machine  is  provided  with  an  automatic  weigh- 
ing mechanism  whereby  a  predetermined  weight  of  coal  is  de- 
livered to  each  retort.  This  mechanism  is  not  under  control 
of  the  machine  operator. 

The  amount  of  coal  delivered  to  the  charging  machine  from 
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the  storage  bins  is  automatically  weighed  and  recorded.  To 
receive  coal,  the  operator  of  the  charging  machine,  without 
leaving  his  operating  platform  on  the  machine  and  without 
other  manual  assistance,  runs  the  charging  machine  under- 
neath the  coal  bin,  placing  it  in  a  central  position  with  the 
scales.  He*  then  moves  forward  an  electric  controller  on  the 
charging  machine,  which  causes  the  hopper  of  the  machine 
to  be  filled  with  coal,  the  amount  weighed  and  printed  on  a 
recording  cart,  together  with  the  date  and  exact  time  of  the 
operati(Hi.  After  this  work  has  been  performed,  the  electric 
controller  returns  automatically  to  its  initial  position  and  the 
machine  operator  can  then  proceed  with  his  work  of  charging 
the  retorts,  with  no  greater  lapse  of  time  in  taking  coal  than 
is  consumed  in  charging  an  individual  retort. 

The  producer  charger  is  provided  with  an  automatic  record- 
ing weighing  mechanism,  which  records  on  a  24  hour  chart 
the  exact  weight  and  time  that  material  is  placed  in  the  pro- 
ducers. 

All  of  these  automatic  weighing  devices  are  under  lock  and 
key,  with  no  part  of  them  visible  and  their  nature  is  not  neces- 
sarily known  to  the  operators  of  the  charging  machines,  the 
intention  being  that  the  manager  of  the  plant  will,  once  in  24 
hours,  remove  the  record  sheets  and  place  the  sheets  for  the 
succeeding  24  hours.  Great  accuracy  is  claimed  for  these 
weight  records  and  much  advantage  in  the  manager  of  each 
plant  having  before  him  each  day  a  printed  record  of  the 
weight  and  time  of  each  operation  of  all  coal  carbonized  and 
fuel  used  in  the  producers,  as  well  as  the  total  weight  of  these 
items  for  the  24  hours. 

A  new  type  of  centrifugal  gas  exhauster  has  been  provided 
by  this  company  during  the  past  year.  The  exhauster  is 
either  turbine  or  motor  driven,  and  in  each  case  the  entire  ex- 
terior is  covered  by  a  gas-tight  casing.  All  stuffing  boxes, 
water  seal  bearings,  etc.,  heretofore  used  have  been  eliminated. 
(See  Figs.  11  and  12.) 

It  is  the  intention  of  this  company  to  provide  these  ex- 
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hausters  with  an  extremely  sensitive  regulating  mechanism 
of  a  considerable  range  of  sizes  and  pressures.  At  the  present 
time,  a  20  in.  inlet  pipe  diameter  steam  driven  machine  of  12 
in.  differential  pressure  is  ready  for  delivery. 


Fig.  II.— Turbine  driven  exhauster-  Exterior  view. 

The  system  of  patented  vertical  take-off  pipes  (Fig.  13) 
has  been  in  use  for  2  years,  and  during  that  time  has  thor- 
oughly proven  the  elimination  of  the  greater  part  of  the 
arduous  labor  common  in  connection  with  the  operation  of 
take-off  pipes  for  gas  retorts.    In  the  first  plant  constructed, 
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a  circulating  system  was  maintained  and  the  gas  was  cooled 
in  the  vertical  pipes  by  the  introduction  of  water  at  the  top 
of  the  pipe.     It  appears  desirable,  however,  to  maintain  as 


Fig.  12.— Turbine  driven  exhauster -Interior  view. 

high  a  temperature  as  practical  in  these  vertical  pipes,  in  order 
to  secure  a  fixing  action  for  the  large  voliune  of  low  tem- 
perature gas  emerging  from  the  freshly  charged  retort,  and 
in  all  new  plants  under  construction,  water  will  not  be  intro- 
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duced  into  the  pipes.  It  has  been  argued  by  some  that  if  a 
sufficient  amount  of  circulating  liquid  were  passed  through  a 
pipe  of  this  nature,  tendencies  toward  stoppages  or  formations 


^^^H'  13.— Vertical  take-off  pipes. 

on  the  sides  of  the  pipe  would  at  all  times  be  eliminated 
Careful  consideration  and  observation  has  resulted  in  the  con- 
clusion that  if  an  economical  carbonizing  temperature  is  main- 
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tained  within  the  retorts,  these  pipes  must  have  a  certain 
amount  of  attention  to  prevent  formation  within,  even  though 
larger  quantities  of  liquid  are  circulated;  and  the  advantage 
gained  by  the  thorough  mixing  of  the  gases  from  the  various 
retorts,  and  travel  through  this  pipe  at  a  comparatively  high 
temperature,  is  greater  than  that  resulting  from  any  tendency 
toward  elimination  of  formation  inside  the  pipe  by  the  process 
of  cooling  the  gas  by  a  circulating  liquid  during  its  travel 
therein.  In  order  to  reduce  the  necessary  attention  to  these 
pipes  to  a  systematic  operation,  we  have  provided  in  all  plants 
now  under  construction  a  cleaning  apparatus  especially  de- 
signed for  this  purpose.  The  top  of  each  vertical  pipe  is 
closed  by  the  gate  valve,  the  open  area  of  which  is  the  inside 
area  of  the  pipe.  A  cleaning  compartment,  with  a  cleaning 
tool  therein,  mounted  on  an  electric  hoist  directly  over  the 
pipes,  is  adapted  to  be  connected  to  the  top  flange  of  the  gate 
valve  metioned,  by  self-sealing  clamps,  after  which  the  gate 
valve  is  opened  and  the  cleaning  tool  lowered  through  the  pipe, 
opportunity  being  provided  at  the  bottom  of  the  pipe  for  dis- 
charging any  formations  thus  removed.  By  this  principle  of 
cleaning  the  vertical  pipes,  they  are  not  opened  to  the  atmos- 
phere and  the  man  attending  the  cleaning  operation  is  not  ex- 
posed to  escaping  gases  or  undue  heat. 

During  the  past  few  years  we  have  considered  carefully  the 
insulation  of  the  exterior  of  the  retort  benches,  in  order  to 
reduce  losses  of  heat  through  radiation.  After  building  a 
number  of  different  forms  of  structures  for  this  purpose,  it 
has  been  concluded  that  the  most  satisfactory  way  to  insulate 
a  stack  of  retort  benches  is  to  surround  it  completely  with  a 
metal  casing,  with  a  highly  efficient  insulating  material  inter- 
posed between  all  parts  of  the  metal  casing  and  the  refractory 
structure  of  retort  benches  within.  Three  large  contracts  of 
this  design  are  in  the  course  of  construction  at  the  present 
time  and  a  great  reduction  in  radiation  losses  is  expected  to 
result.  The  many  other  advantages  of  surrounding  the 
structure  with  such  a  metal  casing  will  suggest  themselves. 
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The  Development  and  Operation  of  the  Congdon 

Scrubber  Standpipe  System. 

By  R.  C  Congdon. 

Included  in  the  report  of  the  Trustees  Gas  Educational  Fund 
for  1906,  and  published  on  pages  112  to  116  of  Volume  i  of 
the  Proceedings  of  the  American  Gas  Institute,  was  the  fol- 
lowing question  and  its  answer : 

"Question  6.  Give  your  theory  of  the  causes  of  stoppages 
in  the  standpipes  of  coal  gas  retorts  and  the  means  you  would 
employ  to  prevent  them." 

The  theory  as  set  forth  by  the  trustees,  I  think  is  for  the 
most  part  correct,  but  the  cooling  methods  referred  to  have 
never  proven  practical,  and  consequently  a  great  many  men 
are  still  employed  in  this  and  other  countries  at  the  very 
arduous  task  of  keeping  standpipes  open.  I  know  of  one 
plant  where  the  pipes  are  cleaned  every  6  hours.  The  retorts 
are  of  silica  material  and  high  heats  are  carried.  The  De- 
Brouwer  charger  is  used  and  very  heavy  charges  are  laid. 
The  work  of  keeping  the  pipes  open  represents  the  interests  on 
$84,000.00  at  6  per  cent.  Other  plants  use  mechanical  pipe 
cleaners,  while  others  endeavor  to  avoid  the  trouble  by  carry- 
ing low  heats  with  corresponding  low  )rield  and  with  accom- 
panying loss  of  money. 

Silica  material  is  rapidly  coming  into  general  use,  high  heats 
are  the  rule  and  standpipe  troubles  follow.  It  seems  impos- 
sible to  get  high  yield  and  high  candle-power  without  cracking 
up  some  of  the  hydrocarbons.  The  carbon  thus  liberated,  to- 
gether with  tar  formed  on  the  inside  of  the  standpipe,  furnish 
the  ingredients  for  standpipe  stoppage. 

As  evidence  of  the  standpipe  troubles  experienced  in  At- 
lanta, see  Fig.  14.  This  picture  shows  a  section  of  an  8  in. 
steel  standpipe  removed  from  our  plant  after  it  had  been  in 
service  6  days  without  cleaning,  and  had  been  allowed  to 
stop  up. 

During  the  year  191 2,  our  company  remodeled  its  coal  gas 
plant,  a  description  of  which  was  given  in  a  paper  read  by  me 
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:  the  Southern  Gas  Association  in  1913,  and  published  in 

ATsirious  gas  journals.     Briefly,  the  plant  consists  of  11 

o\agh  horizontal  benches  of  9's,  having  retorts   16  in.  x 

^     in.  X  21  ft.  7  in.  long.    The  gas  from  each  retort  was 

T-i^d  to  the  hydraulic  main  by  a  steel  slandpipe  8  in.  in 


Fig.  14.— Section  of  8^^  standpipe,  after  six  days*  use. 

diameter.  Modern  coke  and  coal  handling  apparatus  was 
installed,  the  latter  including  a  Fiddes-Aldridge  combination 
charging  and  discharging  machine,  which  is  capable  of  laying 
a  charge  of  70  pounds  per  lineal  foot  of  retort. 

The  through  benches  installed,  replaced  22  stop-end  9's, 
and  the  labor  on  and  above  the  operating  floor  was  reduced 
from  53  to  12  men  per  24  hours.  Four  of  the  12  men, 
or  one-third  of  the  labor,  was  required  to  keep  the  standpipe, 
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bridgepipes,  and  hydraulic  mains  clean.  The  standpipe  prob- 
lem was  thus  brought  forcibly  to  my  attention.  My  many  ex- 
periments and  study  have  resulted  in  a  plant  which  has  been 
operated  for  a  year,  and  during  which  time  the  standpipcs, 
bridgepipes,  and  seal  boxes  have  remained  perfectly  clean, 
necessitating  no  labor  whatever. 

It  was  with  a  delightful  sense  of  relief  that  I  read  Mr.  Al- 
fred E.  Forstall's  article  in  the  September  issue  of  the  Gas 
Institute  News,  in  which  he  concludes  his  remarks  witfi  the 
following:  "The  difference  between  good  and  poor  manage- 
ment consists  largely  in  the  amount  of  attention  paid  to  tiiese 
small  details  of  operation."  By  the  scrubber  standpipe  sys- 
tem (so-called  because  a  considerable  part  of  the  work  of  the 
usual  hot  scrubbers  is  accomplished  in  the  standpipes),  we 
have  eliminated  the  details  relative  to  standpipes,  mains,  etc, 
and  are,  therefore,  spared  the  attention,  and  hence,  the  relief. 

The  attempt  to  prevent  standpipe  stoppages  by  trickling 
water  through  them  is  old.  Heretofore,  however,  of  necessity, 
the  water  had  to  be  very  limited.  The  difficulty  of  regulating 
the  streams  to  prevent  flooding  the  retort,  even  if  the  volume 
of  water  proved  adequate,  would  still  be  a  sufficient  cause  for 
failure  of  this  method. 

The  water  jacketed  standpipe  has  also  proved  a  failure, 
primarily  because  the  cooling  effect  was  not  sufficient  to  cause 
an  ample  quantity  of  tar  to  condense  and  flow  into  the  retort. 

I  conceived  the  idea  of  causing  a  moving  film  of  liquid  to 
continually  pass  over  the  inside  surface  of  the  standpipe,— a 
moving  platform  as  it  were.  I  reasoned  that  no  stoppage 
could  occur  so  long  as  this  platform  kept  moving.  Instead 
of  attempting  to  condense  the  tar  in  the  standpipe  to  cause  a 
moving  film,  I  intended  to  send  a  stream  of  tar  over  a  dam  at 
the  upper  end  of  the  pipe.  Evidently,  the  tar  thus  supplied 
to  the  ordinary  standpipe  would  flood  the  retort.  This  diffi- 
culty suggested  by-passing  the  retort  and  sealing  the  lower 
end  of  the  pipe  in  an  open  trough, — open  in  the  sense  that  it 
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is  not  required  to  be  gas  tight.     The  trough  would  contain  only 
the  circulating  fluid. 

Fig.  15  shows  our  first  experimental  apparatus.  The  stand- 
pipe  shown  was  first  connected  to  one  retort,  a  separate  tank 
or  hydraulic  main  above  was  provided,  and  the  pipe  was  car- 
ried through  the  operating  floor  to  a  seal  in  the  basement.  A 
*'Y"  connection  was  used  to  prevent  disturbing  the  mouth- 


Fig.  15. — Bzperimental  standpipe. 

piece.  A  stream  of  water  was  sprayed  at  the  top  of  the  pipe, 
instead  of  tar  as  first  contemplated,  and  a  tee  and  plug  were 
conveniently  located  in  the  pipe  for  observation  purposes.  A 
thermometer  was  placed  at  the  bridgepipe  and  temperatures 
regularly  taken. 

Later,  3  retorts  were  connected  as  shown,  and  it  was  found 
that  the  8  in.  pipe  would  successfully  carry  the  gas,  and  that 
no  stoppage  would  occur.  , 

After  a  month's  test,  the  result  of  this  experiment  showed : 
31 
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1st.  If  water  was  introduced  in  sufficient  quantity,  the 
standpipe,  both  above  and  below  the  floor,  would  re- 
main perfectly  clean. 

2nd.  No  pitch  or  heavy  tar  would  accumulate  in  the 
bridgepipe  or  hydraulic  main. 

3rd.  If  the  temperature  at  the  bridgepipe  was  carried  as 
low  as  120  deg.,  practically  no  tar  would  accumulate 
in  the  upper  seal;  if  carried  at  180  d^.,  two-thirds  of 
the  tar  went  below.  The  tar  condensing  on  the  side 
of  the  standpipe  furnished  the  moving  film  above  re- 
ferred to,  and  the  introduction  of  tar  at  the  top-  of 
pipe  was  found  to  be  unnecessary. 

4th.  As  the  troublesome  lampblack  and  heavy  tar  are 
condensed  and  washed  out  of  the  gas,  the  dip  pipe 
can  be  unsealed  and  no  stoppages  occur. 

5th.  The  tar  in  the  upper^eal  was  very  fluid  and  usually 
lower  in  carbon  than  tar  in  the  lower  seal. 

6th.  The  lower  seal  would  require  very  little  attention, 
since  the  tar  collected  there  was  sufficiently  fluid  to 
run. 

7th.  As  the  standpipe  remained  perfectly  clean,  a  valve 
could  be  successfully  operated  on  the  inside,  and  in 
consequence,  the  retorts  in  a  vertical  row  could  be 
connected  to  a  single  pipe. 

8th.  Retorts  from  adjoining  benches  could  be  connected 
to  a  single  or  to  a  divided  pipe,  or  two  pipes  could  be 
used,  one  pipe  placed  on  either  side  of  the  buckstay. 

The  design  as  finally  worked  out  for  a  bench  of  8's,  is  shown 
in  Figs.  16  and  17. 

Standpipes  rectangular  in  section,  are  arranged  on  either 
side  of  the  buckstays,  and  are  connected  to  the  adjoining  rows 
of  retorts.  The  standpipes  of  each  bench  are  sealed  above  in 
a  wash  box  or  seal  tank,  and  below  in  a  concrete  trough  ex- 
tending the  length  of  the  house  and  enlarged  into  a  tar  well  at 
one  end.  The  gas  from  the  various  wash  boxes  is  collected 
into  an  overhead  foul  main  and  is  taken  from  the  retort  house 
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by  an  exhauster  operated  in  the  usual  manner.     A  vacuum  of 
0.2  in.  is  carried. 


The  circulating  system  is  operated  (see  Fig.  i6)  as  follows: 
Pump  "P"  forces  the  hot  liquor  from  the  lower  trough  or  seal  to 
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to  overhead  tank  "A."     This  liquor  then  flows  through  the 
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various  funnels  shown,  into  and  through  the  standpipes  to  the 
lower  seal,  where  it  is  again  picked  up  by  the  pump.  "I"  and 
"J"  are  float  valves  controlling  city  water.    "K"  is  a  float  valve 
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on  the  condenser  water  supply  line — either  water  supply  can 
be  used  to  replace  tar  ptunped  from  the  lower  seal  to  storage. 


Our  experience  has  demonstrated  that  the  bridgepipes  will 
not  stop  up,  hence  the  adoption  of  the  standard  steel  pipe  and 
elbow  in  lieu  of  the  usual  bridge  casting.     The  dip  is  also  made 
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of  standard  steel  pipe.  The  overflow  seal  box  "A"  has  a  drain 
"B"  controlled  by  quick  opening  valve  "C";  waste  "E"  is 
sealed  in  pot  "D."  (See  Fig.  i8.)  This  seal  pot  serves  a 
double  purpose.  If  the  exhauster  should  stop,  the  seal  would 
blow  and  thus  relieve  all  back  pressure.  This  pot  also  enables 
the  operator  to  know  when  the  dip  is  sealed,  for  when  the  pot 
overflows,  it  is  a  sure  indication  that  the  liquor  in  the  seal 
box  "A"  is  overflowing  the  weir,  the  top  of  which  is  above 
the  lower  end  of  the  dip  pipe. 

The  overflow  liquor  passes  through  the  safety  seal  "F"  and 
into  the  standpipe  *'G/'  discharging  into  the  lower  trough. 
This  safety  seal  "F"  is  provided  to  prevent  the  gas  from 
blowing  at  the  end  of  the  standpipe  deeply  sealed  in  the  lower 
trough,  should  by  any  chance  the  bridgepipe  become  clogged, 
and  also  to  seal  the  connection  between  the  funnel  and  the 
standpipe.  You  will  note  by  Fig.  19  this  safety  seal  is  not 
provided  in  our  installation.  Our  experience  demonstrates 
that  it  is  not  really  necessary,  but  it  might  be  installed  as  a 
precautionary  measure  to  meet  very  adverse  conditions. 
Should  a  cloud  of  lampblack  get  by  the  spray  in  the  upper 
end  of  the  standpipe,  the  bridgepipe  might  stop  up. 

When  ready  to  charge,  the  dip  pipe  is  sealed  to  prevent 
drawing  in  air.  As  soon  as  the  charge  is  made,  the  valve  "C" 
is  opened,  and  the  level  of  the  liquor  inside  the  seal  tank  or 
wash  box  falls  from  "X"  to  "Y."  When  it  is  desired  to  again 
charge  the  retort,  valve  "C"  is  closed  and  water  is  admitted 
at  "Z"  until  the  seal  pot  "D"  overflows.  The  sealing  and  un- 
sealing operations  are  accomplished  from  the  charging  floor 
by  means  of  extension  valve  stems.     (See  Figs.  20  and  17.) 

The  seal  tank  or  wash  box  is  provided  with  a  manhole 
cover  to  allow  access  to  the  inside,  should  occasion  require. 
The  seal  tanks  in  our  plant  have  required  no  attention,  and  in 
consequence,  the  usual  cleaning  pockets  have  not  been  needed. 
Tar  is  drained  from  the  seal  tank  at  "H,"  and  flows  to  the 
lower  trough,  through  a  pipe  which  is  sealed  in  the  lower 
trough  and  is  provided  with  a  valve  "E"  (Fig.  17).    Once  a 
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Fig.  20.— Upper  end  of  scrubber  standpipe. 
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day  we  draw  off  the  tar  by  opening  this  valve.    When  liquor 
shows  at  test  pipe  "D"  (Fig.  i8),  valve  "E"  is  closed.    The 


lower  trough  requires  practically  no  attention,   occasionally 
the  pocket  under  the  standpipe  is  cleaned,  the  firemen  attend- 
ing to  this  work. 
Fig,  20  shows  the  construction  as  applied  to  benches  of  9's, 
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the  middle  retorts  being  connected  to  a  single  pipe  on  the  op- 
posite side  of  the  bench.    Fig.  19  shows  the  drain  pipe  and 


Fig.  22.— Double  scrubber  standpipe. 

lower  seal  or  trough.    Fig.  22  shows  a  later  construction,  dif- 
fering from  the  other  in  that  the  single  standpipe  has  been 
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replaced  by  a  double  one.  How  many  of  you  would  say,  in 
the  absence  of  our  experience,  that  valves  located  in  the  stand- 
pipe  would  give  absolutely  no  trouble  and  would  remain  per- 


Fig.  23. — Record  of  liquor  temperature  at  scrubber  standpoint  top. 

f ectly  clean  throughout  an  entire  year.  Many  engineers  have 
visited  our  plant  and  all  have  been  greatly  impressed  with  the 
condition  of  the  valves  and  the  inside  surfaces  of  the  stand- 
pipe  which  appears  to  have  just  been  painted. 

Not  a  valve  has  given  any  trouble  whatever,  each  has  served 
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the  purpose  for  which  it  was  adopted,  namely  the  prevention 
of  waste  of  gas  from  the  standpipes  during  charging  periods. 
Also,  as  no  gas  escapes  to  bum  at  the  mouthpieces,  the  men 


Pig.  24.  —Record  of  gas  temperature  at  wash  box  outlet. 

are  not  subjected  to  the  great  heat  which  they  would  other- 
wise have  to  endure  were  the  valves  omitted,  and  because  the 
valve  is  on  the  standpipe  end  of  connecting  pipe  "A,"  (Fig. 
12)  they  can  see  what  they  are  doing  when  cleaning  the  retort 
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standpipe  connections.    The  closed  valve  prevents  the  dry  dust 
from  falling  into  the  standpipe,  and  gas  from  blowing  out. 
Fig.  21  shows  the  details  of  the  valve  construction.     The 


Pis-  ^5' — Record  of  temperature  in  scrubber  staud pipe  just  above  lowest  valve. 

valves  are  supported  on  a  removable  plate  "H"  bolted  to  the 
face  of  the  standpipe,  and  are  seated  on  the  edge  of  the  steel 
connecting  pipe  "A,"  screwed  into  a  flange  "G,"  riveted  to 
the  inside  of  the  pipe.  There  is  a  slip  joint  between  the  con- 
necting pipe  and  the  mouthpiece,  although  a  stop  may  be  pro- 
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vided  for  the  joint  packing  by  the  use  of  a  disc  "G"  shown 
bolted  to  the  mouthpiece.  We  have  not  found  the  disc  neces- 
sary.    The  eccentric  latch  holds  the  valve  closed  while  a 


Fig.  26.— Record  of  liquor  temperature  immediately  below  scrubber  standpipe. 

charge  is  being  made.  The  latch  is  easily  released,  and  when 
it  is#  thrown  back,  the  valve  opens  and  is  stopped  at  the  proper 
location  when  lever  comes  in  contact  wth  latch  support. 

Fig.  23  shows  the  temperature  of  the  liquor  as  it  goes  into 
the  funnel  at  the  top  of  the  standpipe.    You  will  observe  how 
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very  constant  this  temperature  is.  Fig.  24  shows  the  tem- 
perature at  the  outlet  of  the  wash  box  or  seal  tank.  The  chart 
shows  how  the  temperature  rises  at  the  time  of  making  each 
charge  and  indicates  a  low  temperature  in  the  seal  tank. 


Pig.  37.— Temperature  rise  due  to  cessation  of  liquor  circulation. 

Fig.  25  was  obtained  by  placing  the  thermometer  inside  the 
standpipe  just  above  the  lowest  valve.  This  chart  proves  that 
the  valves  are  not  subjected  to  high  heat,  although  located  in 
the  hottest  part  of  the  standpipe. 
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Fig.  26  shows  the  temperature  of  the  liquor  in  the  lowest 
seal  or  trough  and  immediately  below  the  standpipe.  The  tar 
from  the  standpipe  sinks  to  the  bottom  of  the  trough,  and  is 
always  deeply  covered  with  hot  liquor  which  follows  it  to  Ae 
tar  well,  and  in  consequence,  there  are  never  any  tar  lines  to 
steam  out  during  cold  weather.  Scmie  sort  of  tar  line  must 
be  provided  to  take  the  tar  from  the  retort  house  to  the  wdL 
and  the  lower  trough  serves  this  purpose. 

Fig.  27  shows  the  effect  of  discontinuing  circulating  the 
liquor.  A  test  made  covering  a  period  of  3  hours  and  no 
liquor  circulating  showed  the  temperature  in  the  standpipe  to 
be  700*^  F.  The  circulating  system  can  be  discontinued  for 
several  hours  without  causing  any  trouble;  we  have  demon- 
strated this  many  times. 

The  cost  of  operating  the  pump  we  have  not  definitely  de- 
termined. This  expense,  however,  would  not  all  be  chargeable 
to  the  standpipe  system,  since  a  part  of  the  work  of  the  scrub- 
bers is  accomplished  in  the  retort  house.  The  indications  are 
the  expense  will  be  small.  Since  operating  the  scrubber 
standpipe  system,  we  have  sent  through  each  standpipe  2 
gallons  of  liquor  per  retort  per  minute,  although  tests  indicate 
this  quantity  to  be  much  in  excess  of  the  actual  need.  As  oar 
plant  is  now  arranged,  the  pmnp  forces  the  liquor  against  a 
head  of  54  ft.,  in  transferring  the  liquor  from  the  lower  to 
the  overhead  tank.  This  head  can  be  reduced  by  at  least  15 
ft.  The  theoretical  horse-power  now  required  is  2.7;  the 
actual  horse-power,  based  on  50  per  cent,  efficiency,  is  54. 

It  gives  me  great  pleasure  to  extend  an  invitation  to  any 
who  may  be  interested  in  this  apparatus  to  visit  our  plant  at 
Atlanta,  Georgia.  Several  companies  have  ordered  this  new 
equipment,  and  you  will  soon  be  able  to  see  it  in  operation 
elsewhere,  but  I  would  enjoy  the  pleasure  of  welcoming  yon 
in  Atlanta. 
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Operating  Results.  —Wet  Basis. 

Yield  of  gfas  per  pound  of  coal,  first  7  months  of  1914 4.85 

Yield  of  g2LS  per  pound  of  coal,  first  7  months  of  1913 4.80 

Candle-power,  first  7  months  of  1914 16.07 

Candle-power,  first  7  months  of  1913 15.20 

Note:     Pentane  lamp  and  flat  flame  burner  used. 

Candle  feet,  first  7  months  of  1914 77.93 

Candle  feet,  first  7  months  of  1913 72.96 

Yield  of  tar  per  short  ton  of  coal  1914 13  gals. 

Tar   estimated  in   1913 13  gals. 

Yield  of  ammonia,  first  7  months  of  1914,  per  short  ton  of 

coal  carb 4.16  lbs. 

Yield  of  ammonia,  first  7  months  of  1913,  per  short  ton  of 

coal  carb 4.24  lbs. 

Yield  of  ammonia,  first  7  months  of  1912,  per  short  ton  of 

coal  carb 3.15  lbs. 

Yield  of  ammonia,  first  7  months  of  191 1,  per  short  ton  of 

coal  carb 2.95  lbs. 

Note :    Pratt  Laboratory,  of  Atlanta,  Ga.,  on  September  14,  1914,  made 

a  24-hour  test  to  determine  the  ammonia  in  the  crude  gas,  and 

reported  per  ton  5.62  lbs. 

Recent  Tar  Analyses. 

Tar  Tar  Tar 

from  seal  from  lower  from  P.  &  A. 

tank  or  seal  or  trough  extractor 

wash  box  / ' .  9-1S-14 

9.7.14  9-7-U        9^14  ' • 

Per  Per  Per  Per  Per 

cent.  cent.         cent.  cent.         cent. 

Water   5.81  2.84  15.54  8.40  0.00 

Oil  distilling  up  to  100*  F None  None  None  None  None 

Oil  distilling  100**  to  200**  F —  None  None  None  None  None 

Oil  distilling  200*  to  300**  F....  1.41  0.39  M5  3.76  4.08 

Oil  distilling  300**  to  400**  F None  0.63  None  0.30  0.32 

Oil  distilling  400*  to  500**  F....  3.S2  3-87  None  20.16  21.84 

Oil  distilling  500''  to  600''  F....  4.29  6.95  6.36  5.60  6.07 

Oil  distilling  600**  to  700**  F....  1542  20.36  8.30  4.68  5.07 

Residue  above  700**   F 69.55  64.96  68.35  5710  62.6J 

Insoluble  in  carbon  disulphide . .  28.79  ^-41  26.09  20.35  ^-06 

Three  of  the  7  months  during  191 3,  small  streams  of  water 
were  sent  through  individual  standpipes,  one-half  of  the  stand- 
pipes  being  equipped  with  upper  and  lower  seals. 
32 
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Th€  above  results  were  gotten  from  a  cheap  grade  of  coaL 
The  cost  of  coal  carbonized  per  i,ooo  cu.  ft  of  gas  made, 
average  for  the  first  7  months  of  1914,  26.36  cents.  The 
same  coal  was  used  last  year. 

As  we  operate  without  seal,  there  can  be  no  doubt  that  some 
gas  is  saved  on  this  account.  The  candle-power  and  thermal 
value  have  shown  a  gratifying  increase.  The  general  improve- 
ment in  ammonia  results  is  probably  due  to  a  number  of 
causes,  but  at  least  our  standpipe  system  has  not  proven  detri- 
mental to  the  ammonia  yield,  and  it  possibly  is  responsible  for 
some  of  the  improvement  shown. 


The  DeBrouwer  Charging  and  Discharging  MACHiNt 

For  the  information  from  Salem,  the  Committee  is  indebted 
to  J.  S.  Tudbury,  and  from  St.  Louis,  to  J.  L.  Eigenbrot.  The 
latter  article  was  very  much  abbreviated  due  to  lack  of  space, 
and  to  the  belief  that  the  general  principles  of  the  DeBrouwer 
apparatus  were  covered  by  the  Saleiii  description. 

Salem,  Mass. 

Combined  Charging  and  Discharging  Machine. — The  pur- 
pose of  the  combined  DeBrouwer  charging  and  discharging 
machine,  as  built  by  the  Bartlett  Hayward  Company  to  con- 
solidate both  operations  of  discharging  and  charging  in  an 
efficient  manner  has  been  successfully  accomplished  in  the  type 
of  machine  used  in  the  Salem  plant.  It  has  made  possible  the 
economical  use  of  horizontal  through  retorts  of  20  ft.  length 
for  small  plants  of  600,000  daily  capacity  and  more. 

A  brief  description  of  the  complete  machine  and  more  d^ 
tailed  description  of  the  mechanical  features  follow. 

The  entire  machinery,  consisting  of  ram,  centrifugal  charger, 
weighing  hopper,  scales,  tank  for  cooling  water  for  ram,  and 
electrical  motors,  are  mounted  on  heavy  structural  steel  truck 
on  4  car  wheels  having  a  wheel  base  of  9  ft.  3  in.  The  tracks 
are  9  ft.  3  in.  apart,  and  the  entire  space  covered  by  the 
machine  is  120  sq.  ft.  The  figures  are  given  to  show  the  com- 
pactness with  which  the  machine  was  designed  without  sac- 
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rificing  "accessibility"  of  the  various  parts.  It  is  compact  but 
not  crowded.  The  height  of  the  structural  frame  depends 
upon  the  style  of  benches  used.  With  our  bench  of  9's,  the 
machine  is  14  ft.  high. 

The  machine  is  built  with  a  main  truck  frame  to  which  is 
suspended  by  heavy  chains  an  inner  frame  construction  on 
which  is  built  the  discharging  and  charging  machinery.  The 
position  of  the  inner  frame  is  dependent  upon  the  height  of 
retorts  to  be  charged.  The  traverse  of  the  entire  machine  is 
accomplished  by  means  of  a  10  horse-power  motor.  A  simple 
clutch  utilizes  the  same  motor  to  raise  and  lower  the  charging 
frame. 

The  discharging  machine  is  simply  designed,  and  consists 
of  a  steel  frame,  oval  in  shape,  inside  of  which  the  ram  links 
coil  themselves.  The  ram  is  made  of  links  with  a  smooth 
bottom  wearing  surface,  the  top  being  designed  as  a  toothed 
rack  into  which  meshes  the  driving  pinion  of  a  series  wound 
motor.  The  head  is  of  cast  iron  of  the  general  shape  of  the 
retort,  and  easily  detachable. 

The  electrical  control  of  this  motor  is  through  a  master 
switch  and  operating  relays.  A  throw  of  the  master  switch 
is  all  that  is  necessary  on  the  operator's  part.  The  relays 
control  the  resistance  and  the  motor,  protecting  it  from  over- 
loads when  starting  or  operating.  A  circuit  breaker  is  pro- 
vided which  opens  on  heavy  overload  and  resets  itself  when 
circuit  is  off.  In  addition,  fuses  are  provided  in  the  main 
circuit.  A  limit  link  is  provided  to  stop  the  ram  at  a  prede- 
termined position.  This  permits  leaving  a  core  of  coke  in  the 
discharge  mouthpiece.  A  quenching  stream  of  water  plays 
on  the  ram  and  links  during  its  passage  in  the  retort.  This  is 
also  under  control  of  the  operator. 

The  charging  machine  consists  of  a  1,300  lb.  weighing  hop- 
per and  Howe  indicating  scales,  a  telescopic  chute  connecting 
the  hopper  with  feeder  rolls,  and  a  motor  driven  endless  belt. 
The  coal  is  taken  from  overhead  bins,  weighed  and  fed 
directly  onto  the  charging  belt  through  the  feeder  rolls.     The 
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travel  of  the  belt  depends  on  the  speed  of  the  driven  motor. 
This  is  varied  by  a  mechanically  operated  rheostat.  A  set  of 
gears  so  designed  as  to  change  the  resistance  of  motor  grad- 
ually, is  driven  by  a  chain  from  the  motor.  A  toothed  s^- 
ment  is  provided  by  which  the  rate  of  deceleration  can  be 
changed,  by  merely  shifting  the  position  of  the  spindle. 

At  the  beginning  of  the  operation,  the  motor  is  at  full  speed 
with  a  belt  travel  of  42  ft.  per  second  per  20  ft.  retorts.  The 
gears  are  engaged  and  the  belt  slows  down  gradually  to  18  ft. 
per  second  in  30  seconds.  For  the  small  charge  the  first  speed 
is  42  ft.  per  second  and  the  reduction  to  slow  speed  occurs 
in  15  seconds.  This  change  in  rate  of  charging  is  accom- 
plished by  a  simple  change  in  the  tooth  segment.  By  it,  it  is 
possible  to  charge  from  600  to  1,300  lbs.  and  obtain  a  level 
charge  as  a  result. 

The  success  of  any  charging  machine  depends  upon  the  lay 
ing  of  a  predetermined  charge  in  a  level  manner.  The  De- 
Brouwer  machine  lays  the  charge  in  a  level  manner  and  has 
laid  70  lbs.  to  the  running  foot  of  retort  in  the  Salem  retorts, 
20  ft.  X  16  in.  X  26  in. 

The  success  of  the  DeBrouwer  charger  depends  on  two 
things : 

1st.  Regulation  of  flow  of  coal  onto  the  charging  belt. 
2nd.  Variation  of  speed  by  mechanical  means. 

The  feeder  rolls  permit  a  constant  flow  of  coal  and  the  me- 
chanical rheostat  accomplishes  the  speed  variation.  The  oper- 
ator starts  the  motor,  opens  the  coal  valve  and  sets  the  rhea 
Stat  and  the  machine  does  the  rest.  The  result  is  a  charge  well 
and  quickly  laid.  No  attention  or  consideration  has  to  be 
given  to  the  way  in  which  the  coal  is  feeding.  The  feeder 
rolls  makes  that  factor  constant.  The  "human"  element  is 
eliminated. 

The  electrical  apparatus  is  quite  simple  in  view  of  the  work 
which  it  does.  It  is  well  designed  and  amply  protected  from 
dust  and  moisture.  Three  10  horse-power  motors  are  pro- 
vided, one  for  the  traverse  of  the  machine  and  hoisting  of  the 
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inner  frame,  and  one  each  for  the  charge  and  ram.  Each 
motor  is  operated  by  magnetic  switches  and  relays.  The  mas- 
ter switch  for  each  is  located  in  front  of  the  operator  within 
easy  reach.  The  relays  are  mounted  on  the  back  of  the  main 
frame  in  dust  protecting  asbestos  lined  box^s.  All  moving 
wires  are  enclosed  in  B.  X.  armored  cable.  No  trouble  has 
been  experienced  as  yet  in  the  electric  end. 

The  principal  feature  of  the  machine  of  the  Salem  type  is 
the  consolidation  of  control  and  operation  of  the  ram,  charger 
and  traverse  upon  one  platform,  and  in  such  a  manner  as  not 
to  require  high  grade  men.  The  machine  man  acts  as  shift 
foreman,  looks  after  proper  oiling  of  all  machinery  and  oper- 
ates the  machine.  He  is  responsible  for  the  safe  operation  of 
the  house.  The  day  machine  man  is  responsible  for  heat  con- 
ditions of  the  benches.  With  two  mouthpiece  men,  it  is  pos- 
sible to  operate  3  benches  of  9's  completely,  taking  care  of  the 
standpipes,  cleaning  furnaces,  charging  producers,  etc. 

The  elimination  of  one  man  per  shift  without  increase  of 
investment  is  a  valuable  consideration  for  a  small  plant. 

The  speed  of  operation  is  not  so  essential  in  the  small  house 
as  in  the  large  house.  With  this  machine,  however,  any  re- 
quirement for  speed  can  be  met.  The  position  of  the  charging 
mouthpiece  and  the  ram  is  so  fixed  that  the  operations  of 
ramming  of  one  retort  and  charging  of  another  can  go  on  at 
the  same  time,  or  one  can  overlap  the  other. 

The  speed  of  the  ram  at  present  is  i  ft.  per  second  and  the 
charge  of  1,100  lbs.  is  laid  in  15  seconds.  A  good  operator 
can  ram  and  charge  the  6  retorts  in  15  minutes,  allowing  ample 
time  to  open  and  shut  lids,  charging  producers  and  cleaning  of 
carbon  from  the  ends  of  the  retorts. 

The  Salem  plant  has  3  benches  of  9's,  20  ft.  through, 
with  provision  for  3  more.  The  combined  DeBrouwer 
machine  answers  the  purpose  in  an  efficient  manner.  It  is 
simple,  effective,  speedy  enough  and  reliable.  Our  retort 
labor,  while  running  but  2  of  the  present  3  benches,  is  com- 
parable to  a  larger  house.     Considerable  of  this  saving  is  due 
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to  the  concentration  of  the  machine  work  into  one  operator 
who  can  be  obtained  at  a  low  figure.  This  has  been  made  pos- 
sible by  the  mechanical  success  of  the  DeBrouwer  combined 
machine. 


Fig.  28. — DeBrouwer  combined  machine  showing  ram  head  and  case, 
charging  wheel  and  weighing  hopper. 

Fig.  28  shows  charging  frame  in  position  for  charging  on 
second  level  of  retorts.  This  shows  ram  case  and  head,  also 
weighing  hopper  and  charging  wheel. 


Digitized  by  VjOOQIC 


503 


g,  29  shows  operator's  platform  with  controls  covering 
>lete. 

St.  Louis,  Mo. 
parate  Charging  and  Discharging  Machine. — \  charging 


Fig.  29.— DcBrouwcr  combined  machine-— Operation  platform. 

bine  (Fig.  30)  and  a  discharging  machine  (Fig.  31)  are 
'  operating  satisfactorily  at  the  Station  B  plant  of  the 
lede  Gas  Light  Company. 
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A  "Stopper"  man  is  not  needed  at  this  plant,  since  about 
i6  in.  of  coke  are  left  at  the  discharging  end  of  the  retort 
and  the  lid  is  closed  before  the  retort  is  charged.  Since  the 
retorts  are  i6  ft.  long  and  the  charge  weighs   1,200  lbs.,  it 
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follows  that  the  actual  weight  of  coal  per  foot  of  retort  will 
be  1,200  lbs.  divided  by  14  ft.,  equals  85.7  lbs.  per  foot.  Thus 
the  coal  is  brought  to  within  a  few  inches  of  the  iron  mouth- 
piece on  the  charging  end  of  the  retort,  but  since  all  the  coke  is 
not  discharged,  this  portion  which  is  not  entirely  carbonized, 
is  left  at  the  discharging  end  as  a  stopper  for  the  coal  to  be 
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charged  against,  and  it  is  at  this  point  where  carbonization  is 
completed,  eliminating  entirely  the  possibility  of  poor  coke,  due 
to  black  end. 
The  carbonizing  periods  are  8  hours  in  duration,  one  stack 
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of  8  benches  being  charged  each  hour,  and  these  i6  retorts  are 
easily  charged  and  discharged  in  from  15  to  20  minutes. 

The  belt  at  the  beginning  of  the  charge  is  traveling  at  a 
speed  of  about  33^  ft.  per  second  and  about  20  ft.  per  second 
at  the  end  of  the  charge. 

The  wide  range  in  the  capacity  in  these  charging  machines  is 
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very  apparent  from  the  fact  that  a  charge  of  85  lbs.  per  foot 
of  retort  is  now  being  laid,  and  on  past  occasions  the  charge 
has  been  as  high  as  89  lbs.,  and  as  low  as  45  lbs.  per  foot. 

The  total  current  consumption  for  both  charger  and  dis- 
charger is  about  0.287  kw.  hour  per  ton  of  coal  carbonizecL 

The  time  required  in  actually  laying  a  charge  of  1,200  lbs. 
is  about  21  seconds. 

The  time  required  for  ramming  the  retort  of  coke  is  about 
20  seconds. 


Report  of  the  Didier-March  Company. 
By  G.  A.  Bdz. 

The  general  principles  underlying  the  design  of  the  Glovcr- 
West  system  of  continuously-operating  vertical  retorts  were 
set  forth  in  the  last  report  of  this  conunittec.  During  the 
period  intervening  since  that  date,  some  alterations  have  been 
made  in  the  design  of  the  apparatus  tending  to  increase  the 
gas  producing  capacity  of  the  benches,  and  to  further  simplify 
the  duty  of  the  retort  house  operators.  These  latter  improve- 
ments were  confined  to  the  standpipes,  upper  mouthpieces  and 
collecting  mains  to  provide  greater  facilities  for  the  removal 
of  any  heavy  tar  that  might,  under  certain  conditions,  tend  to 
accumulate  when  carbonizing  certain  coals. 

Within  the  past  12  months  installations  of  Glover- West 
benches  were  completed  and  placed  in  operation  at  Pitchbaf]g^ 
Mass.,  and  Pawtucket,  R.  I.,  the  former  consisting  of  one 
bench  of  8  retorts,  and  the  latter  comprising  4  benches  of 
8  retorts  each;  the  two  installations  being  designed  for  a 
capacity  of  250,000  cu.  ft.  and  1,000,000  cu.  ft.  daily  capacity 
respectively. 

Fig.  32  shows  the  latest  installation  at  Fitchburg,  and  Fig. 
33  the  Pawtucket  installation,  with  provisions  made  for  future 
extension.  Fig.  34  shows  the  charging  stage  and  upper 
mouthpieces  being  installed  at  Pawtucket. 

An  installation  of  4  benches  of  Glover- West  retorts  is  now 
rapidly  nearing  completion  at  Portland,  Me. 
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Fig.  52. — Vertical  retort  house,  Fitch  burg,  Mass. 
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Fig.  33.— Vertical  retort  house,  Pawtucket,  R.  I. 
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Fig.  34.— Charging  stage  and  upper  mouthpiece,  Pawtucket  R.  I. 
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Figs.  35  and  36  indicate  an  elevation  and  plan  respectively 
of  this  Portland  plant,  including,  in  addition  to  the  carbonizing 
apparatus,  a  complete  coal  and  coke  handling  equipment  with 
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coke  storage  and  screening  and  sizing  plants.  Owing  to  local 
conditions,  it  was  found  necessary  to  provide  transportation 
facilities  for  the  coke  produced,  over  the  60  ft.  railroad  right- 
of-way  of  the  local  terminal  company,  whose  tracks  bisect  the 
plant.  Provision  has  been  made  for  the  convenient  and  rapid 
loading  of  coke  into  railroad  cars  and  locomotive  tenders,  as 
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it  is  an  established  fact  that  the  coke  is  an  efficient  and 
economical  locomotive  fuel.  Particular  attention  has  been 
given  to  the  provision  of  means  for  the  accurate  determination 
of  the  economical  result  of  operation  of  the  benches. 

Fig.  37  shows  clearly  the  construction  of  the  lower  portion 
of  the  retorts  where  they  pass  through  the  r^enerative  flues. 

An  economizer  has  been  installed  for  the  efficient  recovery 
of  all  waste  heat  not  extracted  in  the  recuperation  of  the 
secondary  air. 

An  installation  now  in  course  of  construction  at  Spring- 
field, consists  of  6  benches,  divided  into  2  units  of  3  benches. 
Each  of  these  units  is  constructed  immediately  adjacent  to  the 
present  retort  house,  containing  benches  of  inclined  retorts. 
The  vertical  retort  installation  is  designed  along  such  lines 
that  future  connection  of  the  2  units  can  be  made  by  the  con- 
struction of  additional  benches  on  the  site  now  occupied  by 
the  inclines.  When  ultimately  completed,  continuous  verticals 
with  a  total  daily  capacity  of  i,Soo,ocx)  cu.  ft.  will  be  installed 
on  an  area  now  occupied  by  inclines  of  1,000,000  capacity 
with  a  considerable  area  still  unoccupied. 

As  in  the  instance  of  the  Portland  installation,  two  units 
of  economizers  will  be  provided  at  Springfield. 

It  may  be  of  interest  to  remark  that  the  new  vertical  retort 
units  are  being  constructed  without  in  the  slightest  degree  in- 
terferring  with  the  operation  of  the  present  inclines. 


Report  of  the  Isbeu*-Porter  Company. 
By  /.  S,  DeHart,  Jr. 

Since  writmg  the  last  report  on  the  continuous  carboniza- 
tion of  coal  in  vertical  retorts,  new  plants  have  been  built  and 
set  in  operation  at  Holyoke,  Mass.,  Derby,  Conn.,  Brockton, 
Mass.,  and  Schenectady,  N.  Y. 

The  retort  house  at  Holyoke  has  a  skeleton  steel  construc- 
tion covered  with  metal  lath  and  concrete.  The  house  is  62  ft. 
S  in.  wide  by  77  ft.  3  in.  long,  and  will  have  a  capacity  for 
1,500,000  cu.  ft.  of  gas  per  day  when  completely  filled.    The 
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nt  house  has  6  benches  each  of  a  nominal  capacity  of 

00  cu.  ft.  per  day,  with  room  to  duplicate.  The  retorts 
val  in  cross  section,  made  of  solid  clay  rings,  arranged  4 
ts  to  a  bench.    Two  retorts  in  any  bench  may  be  closed 

1  to  take  the  fluctuations  in  the  send-out.  Fig.  38  shows 
eneral  design  of  this  installation. 

le  second  Derby  installation  has  a  nominal  capacity  of 
xx)  cu.  ft.  in  4  benches,  and  is  practically  a  duplicate  of 
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Fig.  38.— Vertical  retort  House  at  Holyoke,  Mass. 

old  house,  except  that  the  retorts  are  made  of  sectional 
:a  blocks.  The  extended  house  contains  8  benches  and  is 
tt.  o  in.  wide  by  120  ft.  o  in.  long.  The  coal  is  crushed  and 
'ated  by  gravity  discharge  conveyor  in  this  type  of  house. 
I  coke  is  discharged  cold  without  quenching  into  industrial 
5,  and  raised  by  platform  elevators  to  yard  storage  trestle 
sizing  plant. 

The  labor  required  to  operate  a  plant  of  this  type  making 
>,ooo  cu.  ft.  of  gas  per  day,  consists  of  a  top  man  to  charge 
33 
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the  magazines  above  the  retorts,  and  two  men  to  discharge  the 
coke  from  the  hoppers  at  the  bottom  of  the  retorts  of  each 
shift.  The  bottom  men  also  take  care  of  the  furnaces.  A 
man  is  required  for  2  or  3  hours  each  day  to  deliver  coal 
from  storage  or  cars.  Fig.  39  shows  the  original  Derby  instal- 
lation. 

The  Brockton  house  consists  of  4  benches  of  250,000  cu.  ft. 
each.    Each  bench  has  4  rectangular  ovens  or  retorts  built  of 


Fig.  39. — Vertical  retort  house  at  Derby,  Conn. 

section  blocks.  Dampers  are  arranged  so  that  one  or  more 
retorts  may  be  used  at  a  time.  The  house  is  34  ft,  o  in.  wide 
by  85  ft.  o  in.  long,  and  is  of  substantial  brick  construction. 

The  Schenectady  plant  is  similar  to  the  Brockton  installa- 
tion except  that  5  benches  of  a  total  capacity  of  1,250,000  cu. 
ft.  are  installed.  The  coal  and  coke  conveying  plants  for  these 
two  installations  consist  of  24  in.  x  24  in.  Peck  carriers  en- 
circling the  house  and  coke  plant.  Coke  is  discharged  cold 
without   quenching    from   2-hour   helpers   under  the  ovens 
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directly  to  the  conveyor,  and  elevated  either  to  the  bunkers 
above  the  producers  or  to  the  coke  plant.  The  coal  is  taken 
from  a  track  hopper  to  a  crusher,  where  it  is  broken  to  2  in. 
or  smaller.  It  is  delivered  to  the  Peck  carrier  at  one  end  of 
the  house,  and  elevated  to  48-hour  bins  above  the  retorts. 
Coke  and  coal  are  weighed  on  a  Merrick  scale  at  the  top  of 
the  house  and  recorded  on  separate  counters. 

The  labor  to  operate  a  plant  of  this  type  making  1,000,000 


Fig.  40. — Vertical  retort  house  at  Schenectady,  N.  Y. 

cu.  ft.  of  gas,  consists  of  a  top  man  to  charge  the  magazines 
above  the  retorts,  one  man  to  discharge  the  coke  from  the 
hoppers  at  the  bottom  of  the  retorts  on  each  shift,  one  con- 
veyor man  and  one  furnace  man  on  the  day  shift.  A  man  is 
required  3  or  4  hours  each  day  to  take  coal  from  storage  by 
locomotive  crane  or  directly  from  the  railroad  cars. 

The  Schenectady  plant  is  shown  in  Fig.  40,  in  which  the 
space  between  the  coke  plant  and  retort  house  is  used  for  yard 
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Storage,  the  coke  from  which  may  be  reclaimed  into  the  Pcdc 
carrier.  The  houses  are  free  from  smoke  and  steam,  due  to 
the  cooling  of  the  coke  before  discharging.  There  is  not  the 
ordinary  wear  and  tear  on  machines  and  conveyors,  which 
is  unavoidable  in  discharging  hot  coke. 

One  is  impressed  with  the  value  of  present  sites  for  the 
manufacture  of  coal  gas  on  account  of  the  small  ground  space 
required  and  the  absence  of  steam  and  dust  of  the  open  end 
retort  systems. 


Report  of  the  United  Gas  Improvement  Company. 
By  J,  H.  Taussig. 
For  the  information  that  follows  I  am  indebted,  in  the  case 


Fig.  41.— Vertical  retort  house  at  Fall  River,  Mass. 
of  Fall  River,  to  Mr   C.  W.  Hunter,  of  the  Stone  &  Webster 
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jineering  Corporation,  and  in  the  case  of  Hartford,  to  Mr. 
E.  Lockwood,  of  the  Hartford  City  Gas  Light  Company. 

Fall  River  Verticals. 

icnercU  Description  of  Plant. — The  1,000,000  ft.  coal  gas 
nt  recently  completed  by  the  Stone  &  Webster  Engineering 
rporation  for  the  Fall  River  Gas  Works  Company,  is  the 
t  unit  of  an  ultimate  development  which  provides  for  a 
isible  daily  capacity  of  8,000,000  ft.  of  coal  gas  and  8,000,000 
of  water  gas.  It  is  located  on  Mt.  Hope  Bay,  about  2 
es  south  of  the  city,  and  has  both  rail  and  deep  water  con- 
:tions. 

\11  the  buildings  of  the  plant,  except  the  retort  house,  are 
fireproof  brick  construction  with  flat  concrete  roofs.  The 
ort  house  (Fig.  41)  is  built  of  6  in.  hollow  tile  supported  on 
iteel  framework  with  cement  tile  roof.  By  the  use  of  wind 
iss  construction  above  the  operating  floor,  the  wind  pres- 
res  on  the  building  are  carried  to  the  foundations  through 
;  building  frame,  leaving  an  unobstructed  space  for  the 
rich  equipment.  The  south  and  east  sides  of  the  building,  to 
lich  the  future  units  will  be  added,  are  lined  with  temporary 
ling. 

Carbonising  Plant. 

Briefly,  the  carbonizing  plant  designed  and  erected  by  The 
nited  Gas  Improvement  Company,  consists  of  7  benches, 
ch  containing  9  retorts,  arranged  in  rows  of  3.  Each 
tort  is  about  18  ft.  long,  12  in.  x  22  in.  at  the  top,  and  18  in. 
30  in.  at  bottom  (inside  dimensions).  The  retorts,  with  the 
les  surrounding  them,  are   supported   on   steelwork   about 

ft.  above  the  ground  level ;  just  back  of  them  are  located 
e  recuperator  sections.  In  the  rear  of  each  bench,  the  pro- 
bers extend  from  the  ground  level  to  a  height  of  approxi- 
ately  13  ft.  They  are  charged  from  the  top  with  hot  coke 
f  means  of  buggies  traveling  on  rails  over  the  charging  door, 
ee  Fig.  42. 

In  the  framework  of  the  roof,  over  the  benches  and  in  line 
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with  the  retorts,  is  hung  a  steel  suspension  bunker  running 
the  length  of  the  battery  and  having  a  capacity  of  30  hours 
coal  supply.  There  is  a  pocket  in  the  bunker  over  each  bench 
for  coke  breezes.    Under  the  bunker  and  over  the  retorts,  an 


Fig.  42.— Producer  charging  floor,  Fall  River,  Mass. 

electrically  operated  larry,  with  3  coal  hoppers  and  3  breeze 
pockets,  travels  on  rails  hung  from  the  steel  framing.  (See 
^^S^  43-)     Under  the  retorts,  a  discharging  car,  built  of  cast 
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iron  plates  hung  on  a  steel  frame,  is  operated  by  hand  on  rails 
at  the  ground  level. 

The  bottom  doors  of  the  retorts  are  of  cast  steel  and  are 
operated  hydraulically  from  a  platform  about  4  ft.  above  the 
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ground  level  and  in  front  of  the  retorts.  The  retorts  are 
handled  in  rows  of  3.  In  discharging,  the  upper  mouth- 
piece is  opened,  the  discharging  car  pushed  under  the  retorts 
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to  be  dropped  and  the  lower  doors  are  opened  from  the  dis- 
charging platform,  allowing  the  coke  to  drop  into  the  car  from 
which  it  is  taken  away  by  conveyor  as  described  later.    In 


charging,  the  lower  doors  are  first  closed,  the  charging  larry 
is  filled  with  breeze  and  coal  from  the  overhead  bunker  stnd 
run  over  the  retorts.  About  3  cu.  ft.  of  breeze  is  first  dropped 
into  each  retort  and  then  the  charge  averaging  about  1,700 
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per  retort  is  deposited.  The  coal  is  weighed  by  a  scale 
ched  to  the  larry  before  each  charge. 
Sich  bench  has  an  individual  hydraulic  main  with  self- 
ing  cleaning  pocket.  (See  Fig.  44.)  The  gas  from  each 
of  retorts  is  led  to  the  hydraulic  and  a  12  in.  ofF-take 
s  from  each  hydraulic  to  the  retort  house  header,  the 
;sure  in  which  is  controlled  by  a  retort  house  governor  at 
end  of  the  battery.  Each  hydraulic  has  a  weak  liquor  feed, 
r  overflow  valve  and  balanced  system  of  tar  removal.  The 
izhes  are  usually  operated  at  about  an  even  seal.  By  means 
L  flushing  tank  and  system,  the  seal  is  raised  on  each  bench 
t  is  charged. 

n  the  heating  system,  the  CO^  return  system  has  been 
pted.  The  producer  gas  passes  from  the  producers  first 
L  horizontal  combustion  chamber,  located  about  on  a  level 
ti  the  bottom  section  of  retort,  where  secondary  air  is  added 
I  most  of  the  combustion  takes  place  before  the  gases  come 
>  direct  contact  with  the  retorts.  From  the  combustion 
mber,  the  gases  pass  around  the  lowest  retort  section  and 

directed  by  baffles  in  a  vertical  winding  path  to  the  top, 
n  downwards  through  the  recuperators  and  out  the  stack, 
ween  the  valve  at  the  top  of  the  stack  and  the  benches,  a 
nch  pipe  is  taken  off  which  leads  to  a  turbine  driven  blower 
means  of  which  CO2  and  other  products  of  combustion 
L  be  drawn  in  from  the  stack  and  forced  under  the  producer 
tes.  A  second  blower  on  the  same  turbine  shaft  forces 
ondary  air  to  the  recuperators ;  through  a  by-pass  from  this 
t  to  the  outlet  of  the  CO^  blower,  primary  air  is  mixed  with 

products  of  combustion.  By  means  of  valves,  the  mixture 
waste  gases  and  air  can  be  regulated  so  as  to  control  the 
centage  of  CO2  in  the  gases  under  the  grates,  and  by  the 
iation  of  this  percentage,  the  temperature  of  the  setting  as 
vhole  can  be  raised  or  lowered  with  remarkable  accuracy, 
the  blast  pipes  leading  the  "primary  mixture"  to  the  grates 
i  the  secondary  air  to  the  recuperators  are  placed  controlling 
ives,  so  that  the  temperatures  of  the  individual  benches  can 
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be  regulated;  Venturi  meters  are  also  used  to  measure  the 
volume  of  air  and  gas.  There  are  no  inside  dampers  to  handle, 
and  close  regulation  can  be  maintained.  It  is  aimed  to  keep 
the  temperature  in  the  hottest  part  of  the  combustion  chamber 
about  2450**  F.;  in  the  30-day  test  the  lowest  temperature 
read  with  a  Wanner  pyrometer  was  2,318**  F.,  and  the  highest 
2,570**  F,  while  the  average  was  2443**  F- 

There  are  no  water  pans  in  the  producers  and  no  steam  is 
used  under  the  grates  which  are  of  the  shaking  type,  operated 
from  the  front  by  hand  lever.  They  are  shaken  about  4 
times  a  day  and  the  ashes  raked  out.  Since  starting  up  the 
plant  on  May  3rd,  no  clinkering  or  pricking  up  of  the  fires  has 
been  necessary. 

Coal  Handling  Plant, 
Coal  is  received  in  barges  which  dock  at  the  end  of  the 
wharf.  The  coal  handling  plant  is  of  the  "mast  and  gaff" 
type,  "and  consists  of  a  central  steel  mast  from  which  are 
swung  2  booms.  The  upper  boom,  carrying  a  trolley  and 
i^  yard  grab  bucket,  is  extended  over  the  end  of  the  dock 
when  a  steamer  is  being  unloaded.  Coal  is  conveyed  by  the 
bucket  from  the  hold  of  the  vessel  to  a  steel  hopper  located 
in  the  central  mast.  Just  below  this  hopper,  at  a  height  of 
about  25  ft.  above  ground,  is  swung  the  second  boom  canying 
a  36  in.  belt  and  tripper;  coal  from  the  hopper  is  fed  onto 
the  belt  by  a  reciprocating  feeder  and  discharges  into  storage 
or  the  crusher  bin,  as  desired.  Both  booms  swing  completely 
around  the  mast  so  that  coal  can  be  stored  or  reclaimed  from 
any  point  within  the  circular  area  around  the  base,  in  which 
several  months'  supply  will  be  kept  as  "emergency  storage" 
which  will  only  be  used  in  event  of  prolonged  delay  in  de- 
livery. A  concrete  bin,  capable  of  holding  about  one  and 
one-half  barge  loads  of  coal,  is  used  for  "running  storage." 
In  ordinary  operation,  when  a  cargo  of  coal  is  received,  the  belt 
boom  is  placed  over  the  crusher  bin  and  all  the  coal  passed 
through  the  crusher,  adjusted  to  break  large  lumps  to  6  in. 
in  size,  and  conveyed  by  an  inclined  belt  system  on  the  top  of 
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concrete  bunker.  Every  morning  the  day's  supply  of  coal 
the  benches  is  dropped  through  a  valve  in  the  bottom  of 
bunker  onto  a  belt  leading  to  the  crusher,  set  to  ij/a  in. 
and  is  conveyed  by  an  inclined  belt  system  to  the  bunkers 
•  the  retorts.  By  this  plan,  the  minimum  amount  of  hand- 
and  reclaiming  will  be  necessary  and  the  coal  used  may  be 
ected  from  the  eflFects  of  the  weather,  except  on  the  com- 
itively  rare  occasions  of  delays  in  shipment  lasting  a  month 
lore.  The  system  has  a  capacity  of  lOO  tons  per  hour,  and 
ectrically  operated  and  controlled. 

Coke  Handling  Plant, 

'he  hot  coke  discharged  from  the  retorts  drops  first  into 
hot  coke  discharging  car,  which  has  an  inclined  bottom 
li  discharging  gate.  When  the  gate  is  opened  by  a  hand 
jr,  the  coke  slides  into  a  DeBrouwer  conveyor  through 
ill  cast  iron  feeding  hoppers  which  distribute  an  even 
*r.  The  conveyor  carries  the  coke  to  the  end  of  the  house 
[  then  up  an  incline  to  the  top  of  the  concrete  coke  storage 
.  From  the  head  of  the  DeBrouwer  the  coke  is  discharged 
^n  a  chute  to  the  crusher  and  vibrating  screen,  passing  on 
way  over  a  4  in.  bar  screen.  The  pieces  which  fall  through 
;  screen  are  passed  along  a  second  chute,  over  a  ^  in.  bar 
een  to  the  vibrating  screen  without  passing  through  the 
sher.  The  crusher,  which  is  of  the  2  roll  adjustable  type, 
et  at  4  in.  and  all  coke  passing  through  it,  together  with  the 
ips  less  than  4  in.  which  are  by-passed  around,  is  sent  over 
vibrating  screen,  sized  and  dropped  into  the  proper  bin. 
e  conveyor,  crusher  and  screen  are  motor  driven  and  con- 
lied  from  the  retort  house. 

The  coke  bunker  is  situated  alongside  the  railroad  switch  so 
it  coke  can  be  loaded  by  gravity  into  railroad  cars  on  one 
e  and  wagons  on  the  other.  Directly  underneath  the 
nker,  chutes  fitted  with  bagging  machines  are  attached, 
ke  for  outside  storage  is  handled  by  a  remote  control  mono- 
1  system  with  self-tripping  bucket,  which  is  operated  by  one 
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man  from  the  ground  at  the  bunker.    The  storage  yard  is  so 
laid  out  that  wagons  can  be  filled  directly  from  the  pile. 

Quenching  is  done  after  the  coke  leaves  the  house  and  die 
steam  is  carried  away  by  a  vapor  stack.  About  half  way  up 
the  incline  and  directly  under  the  conveyor  is  located  a  cir- 
cular steel  bunker  lined  with  firebrick.  When  the  producers 
are  to  be  filled,  the  cdce  from  the  discharge  is  not  quenched 
and  is  dropped  through  an  opening  in  the  bottom  of  the  con- 
veyor into  the  hot  coke  bunker,  from  which  it  is  dropped  into 
cars  wheeled  to  the  producers. 

Results. 
Ground  was  broken  for  the  new  plant  in  April,  1913,  and 
on  May  3,  1914,  the  first  retort  was  charged.  About  two 
months  were  spent  in  adjusting  the  equipment  and  general 
tuning-up,  and  on  July  13th  a  thirty-day  accq)tance  test  was 
started  to  establish  the  guarantees  made  by  the  bench  con- 
tractors. During  this  test,  no  unusual  methods,  which  could 
not  be  followed  in  /"egular  operation  (such  as  excessive  tem- 
peratures in  the  benches,  etc.)  were  used  to  increase  the  per- 
formance. An  extra  force  of  engineers  was  employed  in 
checking  carefully  all  of  the  results  obtained.  All  of  the  in- 
struments, scales,  meters,  tanks,  etc.,  used  were  carefully  cal- 
ibrated just  before  the  test  b^;an.  Each  charge  of  coal  was 
weighed,  a  sample  taken  and  its  moisture  determined,  while 
the  average  of  each  day's  samples  was  analyzed  in  the  labor- 
atory. Each  buggy  of  coke  charged  to  the  producers  was 
weighed  and  the  fire  at  the  end  of  the  test  was  brought  to 
the  same  height  as  at  the  beginning.  No  method  of  weighing 
the  total  coke  produced  at  each  charge  was  available,  but  6 
tests  were  made,  in  each  of  which  the  coke  dropped  from 
3  retorts  was  weighed  and  screened  by  hand  and  the  ratio 
of  the  coke  to  the  original  charge  of  coal  calculated.  The 
candle-power  of  the  gas  was  measured  on  a  "Sugg  D"  burner 
against  a  standard  pentane  lamp  every  hour  during  the  24. 
The  heating  value  was  determined  every  6  hours.  Sufficient 
hygrometer  tests  were  taken  to  determine  approximately  the 
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carbon  vapor  dew-point.  The  temperature  of  the  gas 
was  read  on  a  thermometer  located  in  the  front  of  the 
1  meter,  above  the  water  line,  and  the  volume  was  read 
hour.  The  tar  and  ammonia  were  drained  into  separate 
and  checked  every  morning. 

}i  in.  screened  coal  used  during  the  test  contained  an 
r  large  proportion  of  slack,  which  probably  aflFected  the 
icies  obtained  in  an  imfavorable  manner.  The  average 
of  the  moisture  analyses  made  each  day  as  the  samples 
aken  showed  2.2  per  cent.  HjO.  A  portion  of  all  sam- 
ken  were  sent  to  Boston  and  analyzed  with  the  foUow- 
mlts : 

Proximate  analyaes 

As  received  Dry  basis 

per  cent.  per  cent. 

[oisturc  2.1$ 

olatilc   33.80  34.54 

ixed  carbon  57.50  58.77 

sh    6.55  6.69 

100.00  100.00 

ilphur    1. 14  1. 16 

average  results  of  the  30  day  test  are  as  follows: 

:harged,  pounds 6,113,728 

.  H,0  in  coal 2.20 

carbonized,  in  pounds 5.979i495 

total  coke  to  coal,  as  charged 70.6% 

total  dry  coke  to  dry  coal +71.6% 

lel  pounds  coke,  as  charged 848,522 

bench  fuel  to  coal,  as  charged 13.88% 

bench  fuel  to  coal,  dry  .   14.19% 

rected  for  temperature,  barometer  and  holder 

sure)  per  pound  coal,  as  charged 5.314  cu.  ft. 

r 5.434  cu.  ft. 

>ower  on  **  Sugg  D  *'  burner 16.71 

s  made  corrected  for  temperature  barometer 

holder  pressure 32,491,200  cu.  ft. 

eet  per  pound  coal,  as  charged 88.80 

set  per  pound  coal  dry 90.80 

iuced  per  net  dry  ton,  pounds 7.30 

2%  H,0)  produced  per  net  dry  ton,  gallons. .  14.70 

specific  gravity  of  gas 0.4355 

por  dew-point 55**  P. 
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The  retort  house  labor  consists  of  two  regular  operators  on 
each  of  two  12-hour  shifts.  These  men  charge  and  discharge 
the  retorts  and  remove  coke,  clean  standpipes,  fill  producers, 
shake  grates,  decarbonize  retorts  and  clean  up  operating  and 
discharging  floors.  For  an  average  of  20  minutes  in  every 
2  hours,  a  yard  man  is  brought  into  the  house  to  assist  in 
moving  the  hand-operated  discharging  car  while  the  retorts 
are  being  dropped.  One  other  extra  man  is  brought  in  during 
the  periods  of  decarbonization,  which  appear  to  be  necessary 
about  every  4  to  6  weeks.  It  is  believed  that  in  future  oper- 
ation can  be  arranged  so  as  to  dispense  with  this  extra  hdp. 
Other  labor  is  required  regularly  to  fill  the  overhead  bunkers 
with  coal  and  coke  breeze,  remove  and  screen  ashes,  clean  out 
conveyor  trench  and  hydraulics. 

The  coke  produced  from  the  plant  is  of  excellent  structure, 
good  color  and  of  such  large  size  that  it  is  difficult  to  quench 
until  it  has  been  crushed  to  size.  The  quantity  of  breeze  made 
is  noticeably  small.  The  tar  is  thin  and  easily  handled  as  it 
contains  only  traces  of  naphthalene.  The  analysis  of  one 
week's  sample  is  as  follows: 

Specific  gravity  1.127 

Moisture  (by  volume)    34    per  cent 

Free  carbon   3.74  per  cent 

B.  t  u 15,944 

DistUlation, 

Up  to  170*  C aoo  per  cent 

170*  to  225**  C 12.30  per  cent 

225*  to  270''  C 10.30  per  cent 

270*  to  360*  C 23.00  per  cent 

Residue   48.50  per  cent 

The  figure  given  for  production  of  ammonia  is  the  result  of 
analysis  and  measurement  of  all  the  liquor  made  during  the 
test  in  a  well  used  only  for. this  purpose.  It  was  checked 
closely  by  chemical  test  for  total  NH^  in  the  gas  leaving  the 
retort  house. 
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Hartford  Verticals. 
This  plant,  completed  in  May,  1914,  is  of  the  vertical  retort 
type,  operated  intermittently,  installed  by  The  United  Gas 
Improvement  Co.  (see  Fig.  45).    It  consists  of  7  benches  of  9 


Pig-  45- — Vertical  retort  house  at  Hartford,  Conn. 

retorts  each,  placed  in  rows  of  3,  so  that  3  retorts  are  operated 
simultaneously.  The  accessory  equipment  consists  of  a  pro- 
ducer for  each  bench,  operated  under  positive  pressure  by 
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turbo-blowers  located  at  the  top  of  the  retort  house,  two  sets 
of  the  usual  type  of  hydraulic  main,  one  at  the  top  and  a 
small  one  at  the  bottom  of  the  retorts,  coal  storage  bins  abo?e 
the  settings,  an  electrically  operated  coal  charging  car,  an 
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electrically  operated  car  to  receive  coke  from  the  retorts,  a 
bucket  conveyor  passing  under  the  benches  then  up  over  the 
top  of  the  coal  bins  and  down  again  at  the  other  end  of  the 
retort  house,  a  brick  lined  bin  to  store  breeze,  a  brick  lined 
bin  to  store  hot  coke,  a  shaking  screen  and  quenching  table, 
electrically   operated   coal   handling  apparatus   and  a  boiler 
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:ing  heat  in  the  waste  gases  from  the  settings.    Sec  Fig. 

le  producers  are  located  in  the  rear  of  the  benches  and 
provided  with  shaking  grates  and  designed  to  be  charged 
hot  coke  from  a  hand  car,  filled  from  the  hot  coke  storage 
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3ne  end  of  the  furnace  charging  level.  Each  bench  is 
i  with  a  mixture  of  air  and  COj  under  the  grates  and 
zondary  air  in  the  combustion  chamber  at  the  producer 
g^  level.  These  mixtures  are  measured  by  means  of 
meters  and  are  supplied  from  separate  blowers  driven 
;ame  turbine.    fSee  Figs.  47  and  48).    The  COj  in  the 
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primary  mixture  is  drawn  from  the  waste  gas  stack  at  the 
outlet  of  the  boiler,  its  proportion  is  governed  by  means  of 
the  inlet  air  valve,  giving  a  very  flexible  method  of  controL 

Each  bench  has  independent  upper  and  lower  hydraulic 
mains,  through  which  weak  liquor  is  kept  circtdatin^  at  all 
times,  the  large  main  on  top  being  equipped  with  a  tar  dis- 
placement system.  There  are  3  take-off  pipes  to  each  bench, 
each  pipe  taking  the  gas  from  3  retorts.  A  very  light  seal  is 
carried  normally  which  is  increased  when  retorts  are  open  for 
charging  or  scurfing. 

Coal  storage  bins  over  the  retorts  are  designed  to  hold 
sufficient  coal  for  48  hours  operation  and  contain  also  smaller 
bins  for  the  storage  of  coke  breeze,  of  which  a  small  quantity 
is  dropped  in  the  bottom  of  the  retorts  to  protect  the  lower 
doors.  These  bins  are  supplied  from  the  upper  level  of  the 
bucket  conveyor  mentioned  above,  and  are  emptied  through 
chutes  into  the  coal  and  breeze  charging  car,  which  is  pro- 
pelled electrically  the  whole  length  of  the  retort  house,  hang- 
ing from  overhead  and  collecting  current  from  contact  rails. 
The  car  has  3  hoppers  for  coal  and  3  for  breeze.  The  volume 
of  coal  can  be  varied  by  means  of  baffle  plates  and  is  weighed 
while  in  the  hoppers. 

Below  the  retorts  is  the  hot  coke  car,  of  heavy  steel  con- 
struction with  cast  iron  plates.  (See  Fig.  49).  It  is  provided 
with  a  revolving  drum  at  one  side,  operated  by  a  separate 
motor  so  timed  as  to  feed  the  hot  coke  into  the  conveyor  at 
the  proper  speed.  Another  motor  propels  the  car  and  both 
receive  current  from  contact  rails  at  the  side  and  are  operated 
by  means  of  electric  controllers  at  a  distance  from  the  car. 

The  coal  handling  apparatus  consists  of  a  short  apron  feeder 
taking  coal  from  the  cars  on  a  railroad  siding  to  a  belt  con- 
veyor, which  runs  through  a  concrete  tunnel  from  the  railroad 
to  the  plant,  passing  under  two  streets,  and  covering  a  distance 
of  700  ft,  this  was  necessary  because  a  railroad  siding  across 
the  streets  was  not  permitted.  The  coal  is  here  dumped  into 
a  pk,  from  which  it  can  be  removed  by  the  grab-bucket  of  an 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


531 


lly  operated  crane,  and  stored,  or  can  be  carried  by 
apron  feeder  to  a  screen  and  crushed,  which  deposits 
bucket  conveyor  by  which  it  is  carried  up  and  dropped 
overhead  bins. 
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oiler  located  on  the  top  floor  utilizes  the  heat  of  the 
gases  from  the  various  benches  and  supplies  steam  to 
mps  and  turbines. 

mal  operation  consists  in  filling  the  hoppers  of  the 
ng  car  with  crushed  coal,  which  is  weighed  for  each 
•ts,  filling  breeze  hoppers  in  like  manner  without  weigh- 
oving  car  over  3  empty  retorts,  where  first  the  breeze  is 
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allowed  to  drop  to  the  bottom  and  then  charging  the  coal  to 
within  about  4  ft.  from  the  top.  After  a  period  of  about  12 
hours,  the  top  doors  are  opened  and  necessary  cleaning  around 
the  mouthpieces  and  pipes  completed,  when  lower  doors  are 
opened  and  the  coke  drops  into  the  car  below,  which  feeds 
into  the  moving  bucket  conveyor.  This  carries  it,  hot,  the 
length  of  the  retort  house  and  up  to  the  moving  screen,  which 
separates  the  breeze  into  a  bin,  from  which  it  can  be  removed 
at  will.  The  lump  coke  continues  over  the  shaking  tabic, 
where  it  can  be  quenched  and  carried  over  to  a  cold  coke 
storage  bin  or  dropped  hot  into  the  brick  lined  hot  storage 
bin,  where  it  remains  at  a  high  temperature  until  emptied  into 
the  furnace  charging  car,  in  which  it  is  weighed  before  being 
charged  into  the  furnaces. 

Each  bench  is  provided  with  a  thermo-couple  at  the  top  of 
the  recuperator  chamber,  connected  to  a  conmion  pyrometer. 
The  inlet  and  outlet  of  the  waste  gas  boiler  are  equipped  in 
like  manner,  so  that  these  temperatures  can  be  read  at  a  glance. 
Sampling  pipes  lead  from  the  flues  of  each  bench,  from  the 
boiler  stack,  and  from  the  outlet  of  the  primary  mixture 
blower  to  an  Orsat  flue  gas  analysis  apparatus  located  ad- 
jacent to  the  pyrometer  on  the  retort  charging  floor.  Tem- 
peratures in  the  combustion  chamber  are  read  with  a  Wanner 
pyrometer,  so  that  this  in  conjunction  with  the  electric  pyro- 
meter and  Orsat  burette  mentioned  above,  affords  an  easy 
means  of  ascertaining  and  regulating  operating  conditions. 

A  test  conducted  by  the  builders  in  order  to  prove  their 
guarantee  produced  the  following  results,  using  "Harry  B" 
Fairmount  coal,  of  the  following  characteristics: 

Moisture 1.25 

VolaUle 36.60' 

Fixed  carbon 55.88 

Ash 6.27 

100.00 
Sulphur 0.876^ 

Results  obtained  at  test: 
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Avenge  gas  made,  24  hour,  60**  F..  y/^  bar 1,132,000  cu.  ft. 

••        yield  per  lb.  (dry  basis) 5-37  cu.  ft. 

•*        length  of  charge 11.50  hrs. 

*  *        total  coke  made  per  ton  (dry  basis) i  ,357  lbs. 

**        coke  per  ton,  bench  fuel  (dry  basis)  263  lbs. 

**        candle-power,  Argand  Sugg  D. 17*9^ 

**        candle  feet  per  lb.  dry  coal 96.63 

B.  t  u.  per  cu.  ft 635 

**        ammonia  made  per  ton   (tested  at  foul  main) 

(dry  basis) 7.08  lbs. 

**        tar  made  per  ton  coal  (dry  basis)    14.39  fS^^^- 

*  *        horse-power  developed  by  waste  heat  boiler  •  * .  •  95 

These  restdts  were  obtained  under  conditions  of  a  guarantee 
test  and  consequently  do  not  allow  for  some  of  the  operating 
conditions,  a  very  important  one  of  which  is  scurfing. 

Normal  operation  requires  the  labor  of  a  man  on  the  retort 
charging  floor,  and  another  at  the  bottom  of  the  retorts. 
These  men  drop  and  charge  retorts,  clean  standpipes,  fill  fur- 
naces, draw  off  tar  and  shake  grates.  Additional  labor  is  re- 
quired to  draw  and  screen  coke  from  ash  pits,  clean  hydraulic 
mains,  operate  coal  conveyor  and  clean  lower  pipes  and  doors 
while  scurfing.  There  is  also  a  man  employed  to  look  after 
the  boilers,  turbines  and  <to  take  hourly  readings. 

Occasional  trouble  has  been  encountered  by  reason  of  the 
failure  of  carbonized  charges  to  drop.  This  has  been  caused 
by  difference  in  temperature  in  different  sections  of  the  retort, 
by  the  acctunulation  of  carbon  along  the  sides,  and  by  the  use 
of  damp  breeze  in  the  bottom.  Lower  doors  and  take-off 
pipes  tend  to  become  fouled  easily  and  are  difficult  to  clean, 
this  causing  leaks  at  the  bottom  of  the  retorts. 

The  coke  produced  by  this  plant  is  of  large  size,  light  gray 
in  color,  and  much  harder  than  the  coke  produced  in  horizon- 
tal settings. 


Report  of  the  H.  Koppers  Company. 
By  C,  J.  Ramsburg, 
Last  year,  the  report  of  progress  by  the  H.  Koppers  Com- 
pany showed  in  detail  the  various  t)rpes  of  plants  erected  by 
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that  organization  for  supplying  coal  gas.     Since  that  report, 
the  Koppers'  small  gas  unit  has  been  added,  and  two  plants 
of  this  character  have  been  erected  in  Europe,  one  at  Elbcuf, 
France,  consisting  of  6  ovens,  and  one  at  Innsbruck,  Austria, 
consisting  of  12  ovens,  Fig.  50.    It  is  proposd  to  erect  this  type 


I^g*  50.— Kopper*8  stnaU  coal  gas  unit  at  Innsbruck,  Austria. 

of  plant  for  the  smaller  coal  gas  installations  in  America, 
having  a  capacity  of  from  500,000  to  1,000,000  ft.  per  day. 

The  following  results  were  reported  by  the  Directors  of  tht 
Innsbruck  plant  in  1913: 

Operating  statement  for  the  Koppers'  chamber  oven  g^^ 
plant  at  Innsbruck,  Austria: 

Coking  time,  hours  24 

Coal  charged  per  year,  net  tons 12,6^.50 

Volatile  matter  in  coal,  per  cent 32 

Gross  coke  produced,  net  tons 9,120.9s 

Tar  produced,  gals 169,490 

Ammonia  sulphate  produced,  net  tons 128.7^ 
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Production  per  net  ton  of  coal  gasified: 

Gas  at  30  in.  60"*  F.  sat,  cu.  ft 11,024 

Coke,  lbs 1,440 

Tar,  gals 13.38 

Ammonia  sulphate,  lbs 20.30 

Coke  balance: 

Coke  produced  per  net  ton  of  coal,  lbs....      1,440 
Coke  itsed  for  under-firing,  lbs 254 

1,186 
Gas  results  at  30  in.  60''  F.  sat : 

Per  lb.  of  coal,  cu.  ft 5.512 

B.  t.  iL  per  ciL  ft   595 

B.  tiL  per  lb.  of  coal 3*279.60 

Description  of  Operation  of  Koppers'  Small 
Coal  Gas  Unit. 

Fig.  51  shows  a  cross  section  of  the  ovens  and  a  ground 
plan  of  the  plant.  Lump  coal  is  dumped  from  the  railroad 
car  into  the  coal  boot  and  crusher  (4  and  5),  whence  it  is 
elevated  by  the  conveyor  to  the  overhead  bin,  which  has  a 
capacity  to  run  the  ovens  24  hours.  From  the  overhead  coal 
bin,  the  coal  is  run  into  the  charging  larry  (3)  which  is  pushed 
along  the  battery  until  it  comes  over  the  oven  to  be  charged. 
In  the  meantime,  the  oven  doors  have  been  removed,  the  coke 
charge  has  been  pushed  by  the  elotrically  operated  pusher  (i) 
on  the  coke  quenching  bench,  where  it  is  cooled.  The  doors 
having  been  replaced,  the  coai  from  the  larry  car  is  allowed  to 
run  quickly  into  the  oven  through  the  oven  charging  holes  at 
the  top,  being  leveled  simultaneously  by  the  electrically  oper- 
ated leveler  bar  on  the  pusher  machine  (i).  The  larry  car  is 
then  run  to  one  side,  the  charging  hole  covers  are  replaced 
and  the  valves  opened  to  the  gas  collecting  main.  This  entire 
operation  requires  about  15  to  20  minutes. 

In  a  plant  of  10  ovens,  5  ovens  are  charged  in  the  early 
morning  and  5  m  the  late  afternoon. 

Coke  for  the  gas  producer  is  pushed  from  the  quenching 
bench  directly  into  charging  doors  of  the  producers.     These 
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producers  are  so  designed  that  the  slag  may  be  readily  re- 
moved at  the  bottom. 

The  gas  delivered  into  the  collecting  main  in  drawn  by  the 
exhauster  through  a  cooler,  where  it  is  cooled  and  a  large 
portion  of  the  tar  condensed.  It  is  then  pushed  through  a 
tar  extractor  and  a  reheater  into  a  saturator,  where  it  is  made 
to  bubble  through  a  saturated  solution  of  ammonium  sulphate 
containing  about  5  per  cent,  free  sulphuric  acid,  precipitating 
the  ammonia  as  solid  crystalline  sulphate  of  ammonia  which 
is  subsequently  removed  and  dried. 

The  gas  passes  through  the  purifiers,  which  remove  the 
sulphur,  and  it  is  then  clean  and  ready  for  distribution.  An 
ammonia  still  is  used  for  the  recovery  of  ammonia  in  the 
condensate.  This  is  returned  to  the  gas  and  recovered  as  sul- 
phate. 

The  plant  is  complete  for  making  either  illuminating  or  fuel 
gas  and  for  the  recovery  of  all  by-products. 

From  the  standpoint  of  gas  manufacture,  two  features  are 
of  interest. 

1st.  The  banning  of  the  construction  of  56  Kcq)pers'  by- 
product coke  ovens  for  the  Laclede  Gas  Light  Company,  of 
St  Louis. 

2nd.  The  starting  of  the  by-product  coke  oven  plant  for 
the  Maryland  Steel  Company,  supplying  gas  to  the  Consol- 
idated Gas  Company  of  Baltimore. 

St  Louis  Plant. 

The  original  plant  contracted  for  at  this  point  was  for  56 
'  3/4 -ton  cross  regenerative  coke  ovens.  A  change  has  been 
made  in  this,  in  that  the  battery  will  be  "combination  ovens," 
instead  of  straight  coke  ovens.  This  means  that  the  construc- 
tion will  be  altered  so  that  producer  gas  may  be  used  to  ef- 
fect the  carbonization,  if  at  any  time  it  seems  desirable  to  do 
so. 

When  operated  as  a  gas  oven  plant,  if  producers  should  be 
later  installed — on  first  class  gas  coal,  operating  on  18  hours 
coking  time — ^this  plant  would  have  a  daily  capacity  of  ap- 
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proximately  io^5Cx:>,ooo  cu.  ft.  It  may  be  also  so  arranged 
that  any  oven  may  be  made  to  operate  as  either  a  coke  oven  or 
a  gas  oven,  so  that  the  production  of  gas  may  be  varied  nearly 
100  per  cent.,  from  all-coke  ovens  to  all-gas  ovens. 
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Construction  of  this  plant  is  under  way,  and  it  may  be  ex- 
pected to  be  in  operation  in  the  spring  of  1915. 

Maryland  Steel  Company's  Plant, 
This  plant  (Fig.  52)  consists  of  120  i3>4-ton  cross  regen- 
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crative  coke  ovens,  erected  on  2  batteries,  operating  to 
make  coke  for  the  steel  company's  blast  furnaces.  It  is 
equipped  to  separate  the  gas  into  rich  and  lean.  A  small  ben- 
zol plant  is  operated  to  remove  a  portion  of  the  benzol  from 
the  lean  gas  and  to  add  this  to  the  rich  gas  for  increasing  the 
candle-power. 

The  plant  is  also  equipped  with  the  Koppers*  direct  process 
for  the  recovery  of  anmionia. 

On  account  of  general  business  conditions,  only  one  of  the 
batteries  has  been  started,  and  this  is  operating  on  about  25 
hours  coking  time,  there  being  no  necessity  for  a  larger  coke 
production. 

The  operation  has  been  successful  beyond  expectation,  and 
a  yield  of  rich  gas  amounting  to  nearly  5,600  ft.  of  630  B.  t.  u. 
per  net  ton  is  secured,  measured  at  the  end  of  a  12-mile  pipe 
line  at  Baltimore. 

(Mr.  Spencer  read  an  abstract  of  the  report.) 

The  Chairman:  This  is  a  report  of  the  highest  excel- 
lence, and  bears  evidence  of  a  great  deal  of  very  patient  and 
complete  work.    Mr.  Hunter? 

Mr.  C.  W.  Hunter  (Boston) :  Some  additional  data  on 
the  Fall  River  test,  which  was  worked  out  after  the  original 
paper  was  printed,  may  be  of  interest. 

The  average  analysis  of  four  samples  of  gas  taken  during 
the  test  is  as  follows: 

Per  cent, 
by  volume 

CO, 1.2 

CH, 0.9 

111....    •    • 4.1 

O, i.o 

CO 6.9 

CH, 28.8 

H, 51.9 

N, 5.3 

Candle-power 17.2 

The  figure  given  for  production  of  ammonia  is  the  result 
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of  analyses  and  measurement  of  all  the  liquor  made  during  the 
test  in  a  well  used  only  for  this  purpose.  It  was  checked 
closely  by  a  chemical  test  for  total  ammonia  in  the  gas  leaving 
the  retort  house. 

An  approximate  weight  distribution  of  the  various  products 
obtained  per  2,000  lb.  of  coal  as  received,  is  given  below.  On 
account  of  the  difficulty  and  expense  of  getting  exactly  com- 
parative data  this  distribution  is  not  exact,  but  it  is  believed  to 
be  close  enough  for  practical  purposes: 

Pounds 

Got  352.00 

Tar 132.00 

Coke i,4QS.oo 

Ammonia 7.14 

Sulphur 7.60 

Water 100.00 

«,oo3.74 
Leas  extraneous  nitrogen  (approximately  ) 22.40 

1,981.48 

In  this  connection,  I  think  that  the  recommendation  of  the 
Committee  that  definite  methods  of  making  carbonizing  tests 
be  formulated  and  stamped  with  the  approval  of  the  Institute, 
is  to  be  encouraged.  Many  of  the  figures  that  we  read  about 
carbonizing  tests  are  taken  in  so  many  different  ways  that  it 
requires  long  study  to  really  know  what  each  figure  means. 
A  good  deal  of  useless  discussion  would  probably  be  cut  out 
if  definite  rules,  similar  to  the  boiler  tests  series  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  and  other  similar  socie- 
ties, were  gotten  out  by  the  Institute,  and  every  carbonizing 
test  was  carried  out  along  these  lines. 

The  Chairman:     Any  other  gentleman? 

Mr.  R.  C.  Congdon  (Atlanta,  Ga.) :  On  page  497  the  oper- 
ating results  shown  were  not  figured  on  a  dry  basis;  if  so 
figured,  the  yield  per  pound  would  be  5.1  cu.  ft.  and  the  candle- 
feet  81.95.  The  coal  we  are  using  is,  for  the  most  part,  washed, 
and  is  obtained  at  low  cost. 

Mr.  W.  J.  McGuRTY  (New  York)  :     I  have  a  question  to 
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ask  Mr.  Congdon  regarding  the  tar  analysis  on  page  497.  It 
would  seem  that  in  operating  the  scrubber  with  a  spray, 
the  free  carbon,  or  the  material  insoluble  in  carbon  disulphide, 
would  be  less  in  the  upper  than  in  the  lower  seal.  It  shows 
diflferently,  but  there  may  be  a  mistake  in  reporting. 

Mr.  Congdon:  Most  analyses  show  the  carbon  content 
higher  in  the  lower  seal;  just  why  in  this  instance  the  reverse 
is  the  case,  I  am  unable  to  say. 

The  Chairman:  Gentlemen,  this  being  a  sectional  meet- 
ing, bringing  us  in  a  more  familiar  relation  with  each  other, 
affords  all  of  us  here,  who  have  any  difficulty  of  any  kind  in 
carbonization,  opportunity  to  get  an  effective  reply  from  this 
well  informed  Connnittee.  I  hope  that  if  any  engineer  or 
member  has  any  questions,  that  he  will  give  it  to  the  Com- 
mittee at  once  while  everything  is  fresh  in  his  mind. 

Mr.  V.  von  Starzenski  (Schenectady,  N.  Y.)  :  Our  plant 
of  Woodall-Duckham  development  has  only  been  in  operation 
two  months ;  consequently,  we  are  not  in  a  position  to  give  any 
figures  or  any  experience. 

The  Chairman:     Mr.  DeHart,  have  you  anything  to  say? 

Mr.  J.  S.  DeHart  (Newark):  I  cannot  add  anjrthing  to 
the  paper,  but  I  do  want  to  congratulate  Mr.  Taussig  upon  his 
being  able  to  give  two  sets  of  figures  as  complete  as  these  are, 
before  your  meeting  here  to-day.  He  has  been  a  pioneer  in 
intermittent  vertical  installation,  and  I  take  off  my  hat  to  him. 

The  Chairman:  Mr.  Taussig,  I  think  you  ought  to  ex- 
plain. 

Mr.  J.  H.  Taussig  (Philadelphia) :  Every  one  can  see 
what  it  is,  and  I  am  sure  he  can  soon  have  his  plant  running 
just  as  well  as  ours,  if  not  better.  I  should  like  to  say  that  it 
is  very  important  indeed  that  we  should  do  what  Mr.  Hunter 
has  suggested  and  get  a  standard  set  of  rules  for  making  tests 
on  coal  gas  plants.  We  have  had,  during  the  past  two  months, 
to  make  two  guarantee  tests.  These  we  wanted  as  accurate 
as  possible  for  our  own  information.  We  made  these  tests  the 
way  we  thought  was  best,  but  it  would  have  been  more  satis- 
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factory  had  we  a  standard  method,  sanctioned  by  the  Ameri- 
can Gas  Institute.  I  should  like  very  much  to  see  a  set  of 
rules  made,  and  I  should  like  to  make  a  motion  that  the  mat- 
ter be  placed  either  in  the  hands  of  the  Carbonization  Com- 
mittee or  that  a  committee  be  appointed  to  formulate  rules  of 
tests  that  can  be  followed  in  guarantee  work  as  well  as  other 
work,  so  that  the  figures  which  may  come  before  this  Institute 
will  comply  with  those  rules.  We  sometimes  have  marvdwis 
figures  reported  to  this  Committee  that  seem  almost  impos- 
sible to  get,  and  if  we  had  such  a  set  of  rules,  we  would  avoid 
this. 

Mr.  W.  H.  Gartley  (Philadelphia) :  I  think  that  sugges- 
tion of  having  a  committee  go  to  work  to  standardize  methods 
is  one  of  the  most  important  that  we  have  before  us.  It  is  time 
now  that  the  Institute  became  more  thorough,  that  it  went  into 
the  question  of  standardization  more  completely  than  it  ever 
has  done  before.  It  is  not  a  new  idea.  In  the  Chemical 
Section,  as  you  know,  that  thing  is  being  worked  out  This 
year,  it  seems  to  me,  is  an  excellent  year  for  just  that  sort  of 
thing.  We  are  now  carrying  on  four  Sections.  Every  room 
is  filled.  That  is  due,  probably,  to  having  rooms  too  small,  but 
it  shows  the  interest  that  is  going  to  be  taken,  and  the  woric 
that  is  going  on  along  just  that  line.  By  standardization,  we 
will  simplify  the  work  in  the  future  very  much  and  become 
efficient. 

Mr.  WAI.T0N  PoRSTALL  (Philadelphia) :  In  the  October 
News,  the  Technical  Committee  recommended  that  next  year 
there  be  a  Committee  on  Physical  Tests.  This  Committee  will 
endeavor  to  standardize  such  tests. 

Mr.  C.  J.  Ramsburg  (Chicago) :  If  you  will  look  back 
through  the  Institute  Proceedings,  you  will  find  that  almost 
this  same  discussion  took  place  in  Detroit,  in  1909.  I  think 
that  Capt.  McKay  himself  recommended  this,  and  that  Mr. 
Searle  and  Mr.  Gartley  talked  upon  its  importance.  There 
was  a  Committee  appointed,  but  the  Committee  did  not  get  up 
the  specifications  as  intended.     It  got  up  a  certain  set  of 
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specifications,  but  it  did  not  go  into  chemical  tests  and  the 
fundamental  principles  of  how  the  different  tests  should  be 
conducted.  This  year  the  Carbonization  Committee  proposed 
to  do  that,  but  was  told  it  was  not  in  its  province.  If  this 
can  be  brought  about  by  the  appointment  of  a  committee  of 
people  who  make  these  tests  and  know  how  to  make  them,  and 
want  to  know  how  to  make  them,  it  seems  to  me  that  we  can 
get  somewhere. 

Mr.  W.  G.  Africa  (Manchester,  N.  H.) :  I  move  that  a 
vote  of  thanks  be  extended  to  this  committee  for  its  very 
excellent  work,  and  that  its  recommendation  be  referred  to 
the  Board  of  Directors. 

The  motion  was  seconded. 

The  Chairman:  You  have  heard  the  motion,  which  in- 
cludes, when  passed,  the  thanks  to  the  Committee  for  its 
work,  and  particularly  directs  the  attention  of  the  incoming 
Board  of  Directors  to  this  subject  of  standard  tests,  and  im- 
plies a  request  that  this  work  be  provided  for  through  a  suit- 
able conmiittee.  The  motion  is  duly  seconded.  Those  in 
favor  please  say  aye.  (Ayes.)  Mr.  Spencer  and  the  Commit- 
tee, the  section  thanks  you  very  heartily  for  your  splendid 
paper. 

The  next  scheduled  paper  is:  "Carbonization  in  Bulk — 
Koppers'  Ovens,"  by  Mr.  C.  J.  Ramsburg,  of  Chicago. 

CARBONIZATION  IN  BULK— KOPPERS'  OVENS. 

The  purpose  of  this  paper  is  to  set  before  the  Institute  the 
fundamental  principles  involved  in  the  carbonization  of  coal 
in  bulk,  its  advantages,  its  methods,  the  results  of  plants  in 
operation  and  a  general  summary  of  the  state  of  the  art  in  its 
relation  to  the  supply  of  gas  for  urban  use. 

It  was  our  purpose  primarily  to  bring  before  you  the  results 
achieved  in  the  great  European  plants  operated  by  this  method 
and  to  draw  attention  to  the  benefits  to  be  derived  from  the 
use  of  the  method  in  America.  We  also  intended  to  supple- 
ment this  with  the  results  of  a  test  made  by  the  Maryland 
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Steel  Company  in  ovens  used  for  the  manufacture  of  high 
quality  coal  gas.  We  still  have  these  purposes  in  view,  bat 
in  addition  have  seen  fit  to  draw  to  your  attention  the  operatioa 
of  by-product  coke  plants.  This  has  been  done  because  the 
growth  of  this  industry  bids  fair  to  make  the  gas  supply  for 
many  large  centers  of  population  originate  in  these  plants,  and 
we  feel  that  information  in  regard  to  them  will  ftot  be  without 
interest.  We  believe  that  up  to  this  time  therd  has  been  pre- 
sented before  either  the  American  Gas  Institute  or  the  Amer- 
ican Gas  Light  Association,  but  one  paper  which  has  made 
more  than  indirect  comment  of  these  sources  of  gas  supply. 

The  coke  oven  has  been  the  source  of  domestic  gas  supply 
for  many  years  both  in  this  country  and  Europe,  but  it  was  not 
until  1908  that  this  principle  was  applied  for  the  production 
of  such  gas  in  gas  ovens  with  independent  producer  plant.  It 
was  common  practice  to  use  a  portion  of  the  coal  gas  as  the 
source  of  heat,  but  the  plant  erected  that  year  in  Vienna  was 
designed  to  use  a  coke  oven  in  which  the  carbonization  was 
conducted  by  producer  gas  made  in  a  central  producer  plant, 
thus  allowing  the  entire  coal  gas  production  to  be  available. 

Central  Producer  Plant  with  Cleaned  Preheated  Producer 
Gas  versus  Built-in-Producers. — In  this  Vienna  plant,  Ac 
fundamental  difference  in  operation  compared  with  ordinary 
coke  oven  practice,  consisted  in  heating  the  ovens  and  conduct- 
ing the  carbonization,  not  with  a  portion  of  the  gas  produced 
from  the  coal,  but  by  means  of  gas  secured  from  an  outside 
source,  liberating  all  the  gas  from  the  coal  distillation  for 
distribution  and  sale.  This  was  an  innovaticfti.  Such  bad 
been  the  practice  for  many  years  in  coal  gas  retort  plants,  but 
it  at  once  became  evident,  that  in  order  to  use  the  general 
principle  of  oven  methods  as  against  retort  practice,  the  built- 
in-producer  commonly  used  in  that  practice  would  not  be 
suitable  for  operations  on  a  large  scale,  therefore,  the  method 
was  conceived  of  building  the  heating  system  on  broad  Vines 
and  using  the  most  advanced  methods  of  making  the  pro- 
ducer gas. 
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perience  in  regcftierating  producer  gas  had  proved  the  fact 
producer  gas  contained  such  large  quantities  of  fine  dust 
:les,  that  it  was  absolutely  necessary  to  remove  these  im- 
ies  by  washing  the  gas,  which  in  turn  necessitated  cooling 
as  in  the  scrubbing  process.  Such  a  gas  when  cold,  even 
the  secondary  air  heated  to  a  temperature  of  2,000°  F. 
lardly  sufficient  flame  temperature  to  effect  the  carboniza- 
)roperly.  There  was,  however,  enough  heat  being  wasted 
I  outgoing  products  of  combustion  to  effect  the  preheating 
5  gas  as  well. 
e  scheme  at  length  boiled  down  to  the  following  proposi- 

►  To  secure  the  gas  by  the  most  efficient  producer  which 
also  utilize  the  fine  coke  and  breeze — low  grade  fuel. 
)  To  equip  this  installation  in  such  a  manner  that  it  could 
larged  continuously  without  interruption,  and  to  use  a 
anically  revolving  grate  which  would  maintain  even  fire 
tions  and  discharge  the  ash  continuously.  This  meant 
stant  production  of  gas  of  uniform  quality. 
I  To  extract  the  heat  from  this  producer  gas  in  a  waste 
toiler — enough  steam  being  secured  to  more  than  operate 
echanical  features  of  the  producer  plant  and  supply  steam 
•  the  grate. 

I  To  scrub  the  gas  clean  of  dust  particles. 
I  To  conduct  the  gas  to  the  oven  battery  under  pressure. 
I  To  divide  the  regenerators  in  such  a  way  that  secondary 
ould  be  preheated  under  one  oven  and  producer  gas  under 
djacent  one;  each  separate  regenerator  being  so  divided 
make  the  gas  and  air  supply  independent  for  each  oven, 
the  heavy  wall  which  supports  the  upper  construction 
ivision  of  air  and  gas. 

)  To  admit  the  gas  to  the  base  of  the  regenerator  through 
tal  cock,  so  that  the  amount  going  to  each  oven  could  be 
ated  and  adjusted. 

is  scheme  was  carried  out  entirely,  proving  an  immediate 
asting  success.     It  is  the  backbone  of  the  success  of  the 
ven. 
35 
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In  comparison  with  this  arrangement,  the  "built-in"  producer 
is  used  in  retort  practice.  This  type  of  producer,  if  carefully 
analyzed,  has  many  glaring  faults.  In  the  first  place,  it  is 
usually  so  designed  that  it  is  exceedingly  difficult  to  discharge 
the  hot  coke  into  the  producer  so  as  to  insure  a  level  fire,  and 
one  of  uniform  texture.  This  means  an  over-use  of  a  portion 
of  the  fire  and  the  resulting  gas  is  of  very  variable  constitution. 
If  this  feature  is  to  be  overcome,  it  is  usually  necessary  to  use 
cold  cdce. 

The  fire  temperature  is  such  that  in  certain  zones  fusion  of 
the  ash  occurs  and  interference  with  free,  uniform  flow  of 
primary  air  takes  place,  so  that  the  amount  and  quality  of  the 
gas  produced  varies  from  time  to  time. 

The  producer  is  charged  with  fresh  fuel  at  long  time  in- 
tervals, making  the  depth  of  fire  a  constantly  varying  one 
which  also  means  a  variation  in  quantity  and  quality  of  gas. 

Natural  draft  is  depended  upon  for  combustion.  This 
means  that  any  interference  with  the  primary  air  supply  by 
means  of  accumulation  of  ash  or  clinker,  or  any  weakness  in 
the  fire  due  to  poor  fuel  distribution,  inmiediately  reacts  upon 
the  secondary  air  supply  in  a  reverse  manner  for  efficiency,  a 
decrease  in  producer  gas  corresponding  to  an  increase  in  sec- 
ondary air,  thus  making  it  impossible  to  preserve  a  high  and 
uniform  efficiency  of  combustion. 

Another  defect  of  the  "built-in"  producer  is  the  large  amount 
of  carbon  removed  with  the  ash.  This  is  due  to  poor  condi- 
tions of  combustion  in  the  base  of  the  fire.  It  is  not  an  in- 
frequent occurrence  to  find  that  the  ash  from  such  a  producer 
contains  25  per  cent,  of  carbon. 

The  "built-in"  producer  takes  no  account  of  the  dust  pass- 
ing from  the  fire  into  the  combustion  chamber  and  into  the 
flues.  This  dust  is-  of  a  composition,  similar  to  the  ash  of  Ac 
coal  used,  and  for  the  most  part  has  a  fusing  temperature 
between  2,200**  F.  and  2,600^  F.  It  does  not  take  much 
imagination  to  picture  what  a  force  for  deterioration  in  the 
fire  brick  material  and  lessening  of  conductivity,  this  means. 
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Little  study  has  yet  been  made  and  little  data  are  known  of 
these  effects,  but  we  are  of  the  opinion  that  the  gas  fraternity 
will  wake  up  to  a  realization  of  its  damage  before  long. 

The  "built-in"  producer  uses  for  the  most  part,  hot  coke. 
Even  with  the  hot  coke,  there  are  few  plants  in  operation 
where  accurate  records  are  kept,  showing  less  than  300  pounds 
of  coke  used  per  net  ton  of  coal  carbonized. 

Let  us  see  what  a  comparison  in  thermal  efficiency  between 
the  "built-in"  producer  and  the  central  producer  plant  as  built 
in  connection  with  Koppers  gas  ovens,  will  disclose. 

Euchene  in  his  classic  analysis  of  the  efficiency  of  a  coal  gas 
bench  showed  the  following  distribution  of  the  heat  necessary 
to  carbonize  a  pound  of  coal. 

Distribution  of  B.  t.  u.'s  necessary  to  carbonize  one  pound 
of  coal — deduced  from  Euchene : 

Totnl  beat  required  B.  t.  u. 

1,843  B.  t.  u*s.  Flae  gas  losses 602.5 

Heat  m  easeous  vapors 330.0 

Sensible  neat  of  coke 443-o 

Radiation 495-o 

Formation  of  vol.  comp.  endothermic      36.0 

Decomp.  of  coal 466.0 

Sensible  heat  of  ash 19.0 

A  total  of    2,391 .5 

From  this  must  be  deducted  549  B.  t.  u.'s  due  to  exothermic 
reactions  in  the  formation  of  the  gases,  leaving  1,843.5  B.  t.  u.'s 
net. 

An  examination  of  this  table  will  show  that  of  this  but  726 
B.  t.  u.'s  per  lb.  of  coal  passes  through  the  retort,  made  up  as 
follows : 

B.  t.  u. 

Gaseous  vapors 330 

Sensible  heat  of  coke 443 

Endothermic  reactions 36 

Decomposition  of  coal 466 

T275 

From  this  deduct  heat  formed  in  exothermic  reactions 549 

726 
The  heat  lost:— 

B.  t.  u. 

Flue  gases  603 

Radiation 495 

Clinker 19 

Total ~i,ii7 
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Thus  in  securing  the  benefit  of  726  B.  t.  u.'s,  1,843  B-  ^-  "-'^ 
are  expended,  showing  an  efficiency  of  approximately  39  per 
cent. 

This  was  on  a  "stop  end  bench"  employing  a  net  furaace 
consumption  of  296  lbs.  of  coke  per  net  ton  of  coal,  and  run 
with  a  high  percentage  of  COj  in  the  outgoing  flue  gases. 
This  means  a  bench  fuel  account  of  14.8  per  cent. 

There  are  few  retort  coal  gas  plants  of  any  type,  either  in 
this  country  or  abroad  where  furnace  accounts  are  prq)erly 
kept  which  show  more  efficient  operation. 

Please  bear  in  mind  one  other  important  point  in  Euchene*s 
figures.  Little  allowance  was  made  for  excess  air  or  escaping 
uncombusted  products  in  the  chimney  gases.  Such  conditions 
may  be  preserved  in  test  conditions,  but  the  average  coal  gas 
plant  has  large  losses  from  these  causes.  Also,  that  litde 
allowance  was  made  for  carbon  in  the  ash  refuse,  inasmuch 
as  it  was  picked  and  returned  to  the  furnace,  presumably. 
This  too  is  the  source  of  large  losses  in  the  average  plant. 

In  comparison  with  this  efficiency  under  perfect  condition, 
of  39  per  cent,  on  the  "built  in"  type  using  14.8  per  cent,  of 
furnace  fuel,  let  us  see  what  the  efficiency  is  of  the  central 
producer  and  the  Koppers  regenerative  gas  oven. 

In  September  and  October,  1912,  Dr.  Karl  Bunte  in  con- 
nection with  the  Experimental  and  Educational  Committee  of 
the  German  Gas  and  Water  Association  conducted  a  thorough 
and  complete  test  on  the  Koppers  Gas  Oven  Plant  at  Leo- 
poldau,  Vienna. 

The  following  is  taken  from  his  report: 

"The  gas  oven  battery  consisted  of  y2  ovens  divided  into 
blocks  of  9  chambers  each.  Five  blocks  were  used  in  the 
test.  These  ovens  are  33  ft.  2  in.  long  and  have  an  average 
width  of  20  in. 

"Producer  Plant. 
"For  the  production  of  producer  gas,  for  heating  the  ovens, 
there  are   12  producers  of   the  Kerpely-Marischka  system 
The  producers  are  equipped  with  steam  boilers  which  pro- 
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duce  steam  for  the  machinery,  for  blowing  the  air,  purifying 
the  gas,  operating  the  boiler  feed  pumps  and  blowing  steam 
under  the  producers.  There  is  still  an  excess  of  steam  left 
which  is  used  in  the  ammonia  stills^and  for  the  production  of 
electric  power.  The  fuel  charged  into  the  producers  consists  of 
small  coke  and  breeze.  This  fuel  was  weighed  on  railroad 
scales  which  had  been  tested  and  calibrated.  The  producer  gas 
passes  through  disintegrators  where  is  undergoes  a  thorough 
washing  by  means  of  water,  in  order  to  remove  all  of  the 
dust  carried  in  the  gas. 

"Regarding  the  efficiency  and  heat  balance  of  the  producer 
plant  and  the  ovens,  very  exact  tests  were  made. 

**The  coal  which  was  carbonized  in  this  plant  consisted 
mainly  of  a  mixture  of  Ostrauer  and  Drombrauer  coals. 

"The  coke  is  pushed  out  by  a  pusher  machine  and  conveyed 
by  a  bucket  conveyor.  The  coke  produced  is  large  in  size. 
The  coke  separation  permits  five  different  sizes  of  coke  to  be 
separated.  The  coke  separation  has  a  connection  with  the 
central  producer  plant  for  coke  supply  to  the  latter. 

"The  coke  for  the  central  producers  was  taken  from  the  coke 
storage  bin,  and  was  a  mixture  of  coke  and  breeze  made  from 
the  different  coals  as  described. 

"The  size  of  the  coke  was  determined  by  sieve  test  and 
carefully  taken  from  average  air  dry  samples. 

SiBVB  Tests. 

*  i8t.  test  and.  test 

Sites         Day          Sept.  1S.19  i9-»  *>-2i  21-22  25-26  26-27 

o-ii  mm. 12.0  10.7  7.4  13.5  9.7  7.6 

11-25  mm 27.7  29.9  46.9  40.6  53.5  52.4 

Above  25  mm 60.3  59.4  45.7  45.9  36.8  40.0 

Per  cent  by  weight .  loo.o        loo.o        loo.o        loo.o        loo.o        loo.o 

3rd.  test 

Sept.  30 
Sixes  Day  Oct.  i         Oct.  1-2       Oct.  2-3       Oct.  3-4       Average 

o-ii  mm.  13.5  7.3  lo.o  10.70  10.20 

11-25  mm.   40.9         46.1  51.4  52.95         43-3 

Above  25  mm. 45-6         46.6  38.6  36.35  46.5 

Per  cent,  by  weight loo.o         loo.o       loo.o         loo.o         loo.o 
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"Heat  Bai^ance  of  the  Gas  Producers. 
"The  coke  charged  into  the  producers  contains  the  usual 
amount  of  moisture  and  the  producers  are  operated  by  blow- 
ing in  cold  air  and  steam.  The  greater  part  of  the  heating 
value  of  the  coke  is  found  in  the  form  of  producer  gas.  The 
amount  of  gas  can  be  calculated  from  its  carbon  content,  de- 
termined by  analysis  and  from  the  amount  of  carbon  con- 
tained in  the  coke. 

"Part  of  the  carbon  in  the  coke  is  found  again  in  the  ash." 
Professor  Bunte  found  the  following  data  in  r^;ard  to  the 
producer  gas  plant. 

Introduced  MiU  calories  Per  cent. 

Calories  in  coke 38i»23o  97.93 

Calories  in  steam  under  grate  11,690  2.97 

392,920  100.00 
Returned: 

Calories  in  gas  form 312,330  79.48 

Heat  contents  of  the  gas 2,032  0.52 

Heat  contents  of  water  vapor  in  gas 7i245  1.86 

Water  evaporated 60,969  15.51 

Carl>on  in  ashes 2,512  0.64 

Carbon  in  flue  dust 1,345  0.34 

386,433  98.35 

Not  accounted  for 6,487  1.65 

392,920  100.00 

This  shows  that  from  381,230  million  calories  introduced 
as  coke,  there  were  returned  as  cold,  uniform  producer  gas 
ready  for  the  oven  battery  312,330  million  calories,  all  oper- 
ations having  been  performed  without  resorting  to  any  outside 
source  of  heat  or  power. 

This  shows  a  net  efficiency  of  the  central  producer  plant  of 
8i,g  per  cent. 

There  was  then  made  a  thorough,  accurate  and  complete 
examination  into  the  amount  of  heat  used  in  carbonizing  the 
coal. 

The  tests  showed  that  in  order  to  carbonize  966,250  Kilo's 
of  coal  (2,130,214  lb.),  there  were  required  527,525  c.  m. 
of  gas  (18,629,000  cu.  ft.)  having  a  heating  value  of  1,216 
calories  per  cubic  meter   (136.7  B.  t.  u.'s  per  cubic  foot). 
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So  that  each  kilo  of  coal  required  663  calories  in  the  form  of 
gas  (1,194  B.  t.  u.  per  lb.  of  coal.) 

We  have  seen  in  Euchene's  analysis  of  heat  distribution  that 
the  amount  of  heat  necessary  for  the  carbonization  of  one 
pound  of  coal  was  726  B.  t.  u.'s. 

I  see  no  reason  to  believe  that  this  should  be  more  or  less 
in  a  gas  oven  than  in  a  coal  gas  retort.  Using  this  figure,  we 
find: 

Heat  necessary*  to  carbonize  one  ( i ) 

lb.  of  coal  —  726  B.  t.  u.'s. 
Heat  in  producer  gas  necessary  -    1,194  B.  t.  u.'s. 
Heat  eflSciency  of  ovens  -  60.8  per  cent. 
Heat  in  coke  necessary  to  produce  1,194  B.  t.  u.'s  in 

producer  gas    '        1,458  B.  t.  u.'s. 
0I.9 

Overall  heat  efficiency  of  carbonizing  system : 
726 

7:458  =  ^°  ^  '■'°*- 

against  39  per  cent,  on  the  horizontal  stop  end  retort  plant 
working  with  no  loss  in  ash  pan  or  chimney,  other  than  those 
which  pertain  to  ideal  conditions. 

Translating  this  into  carbon,  we  find  that  in  the  retort 
using  1,846.5  B.  t.  u.'s  per  pound  of  coal,  this  corresponds  to 

1,846.5   X    2.000  1U  u 

_T  _y. -  254  lbs.  carbon  per  ton 

i4»544 
or  per  100  lbs.  of  coal  —  12.7  lbs. 
The  producer  operated  gas  oven  uses 

1,458  X  2.000  .. 

^^ —      =  2,005  lbs.  per  ton 

i4»544 
or  per  100  lbs.  =  10  lbs.  of  carbon. 

It  will  be  of  further  interest  to  make  a  comparison  between 
these  heating  systems  from  a  standpoint  of  difference  in  cost 
of  fuel. 

Let  us  asstune  that  in  a  retort  coal  gas  plant  in  America 
with  normal  gas  coal,  1,325  lbs.  of  gross  coke  is  secured  per 
net  ton,  of  which  300  lbs.  is  used  in  the  producer,  leaving  1,025 
lbs.  net  coke  and  breeze  for  sale.     Of  this,  10  per  cent,  is 
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breeze,  so  that  we  have  net  103  lbs.  of  breeze  and  922  lbs.  of 
coke. 

If  coke  is  worth  $4.00  and  breeze  $1.50  per  net  ton,  we  find 
— assuming  10  per  cent,  of  the  total  coke  as  breeze — that  had 
we  used  none  in  the  producer,  the  coke  and  breeze  would  have 
been  worth: 

133  lbs.  of  breeze  @    ^     —  —  $0.10 
^^  2,000        *^ 

1,192  lbs.  of  coke  @  -^ =    2.38 

2,000  *^ 


Total  $2.48 

Since,  after  producer  fuel  is  deducted,  there  remain 

iu       r  u  ^  $1.50  per  ton        . 

103  lbs.  of  breeze  @  *^    ^    ^ ==  $0,077 

"^  2,000  *^    " 

iu       r     1        /21  $4.00  per  ton  _ 

922  lbs.  of  coke     @  ^^ =    1.844 

2,000 

Total  $1,921 
We  find  that  the  cost  of  fuel  per  ton  carbonized  was  56^. 
In  the  retort  plant,  we  find  that  0.4  lb.  of  steam  was  used 
under  the  ash  pan  per  lb.  of  combustible  = 

254  X  0.4  =  61.60  lbs.  per  ton  of  coal. 
If  steam  is  worth  40^  per  net  ton,  this  steam  would  add  a 

further  charge  of  61.6  X  — —  =  1.232^,  making  a  total  cost 
of  producer  gas  without  labor  of 

56  +  1.23  =  57-23^- 
With  the  supposition  that  10,500  cu.  ft.  of  coal  gas  is  se- 
cured per  net  ton  of  coal,  the  cost  of  producer  fuel  per  M 
cu.  ft.  will  be 

^  =5.45^  per  M. 

On  the  central  producer  plant,  the  amount  of  breeze  made 
will  be  120  lbs.  per  net  ton.  This  will  all  be  used  in  the  pro- 
ducers. 

Assuming  the  200  lbs.  of  carbon  to  be  the  amount  neces- 
sary to  use  in  the  producers  per  net  ton,  assuming  that  the 
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breeze  has  84  per  cent,  carbon  and  the  coke  87  per  cent.,  we 
find  that  we  will  require  per  net  ton  of  coal  carbonized : 


and 


120  lbs.  of  breeze,  costing  120  X  — —  =    9^ 


AGO 

115  lbs.  of  coke,  costing  115  X  — —  -  23^ 


Total  cost    32^ 
Assuming  that  all  steam  will  be  made  by  the  producer  plant, 

the  cost  of  furnace  fuel  will  be  — ^ =  3.04^  per  M. 

10,500       ^    -^^  ^ 

This  shows  a  saving  in  furnace  fuel  alone  in  the  two  sys- 
tems of  2.4^  per  M  feet  of  gas  produced. 

This  is  equivalent  to  a  net  saving  of  57.23  —  32  =  25.23^ 
per  net  ton  of  coal. 

Plant  invetment  does  not  enter  into  this  saving,  inasmuch 
as  the  complete  gas  oven  plant  does  not  cost  any  more  than  a 
retort  plant,  and  the  plant  must  be  regarded  as  a  ti*hole.  The 
cost  of  operating  a  producer  plant  of  this  character  from  a 
labor  standpoint  shows  a  further  saving,  but  this  does  not 
seem  to  be  the  place  to  go  into  this  phase,  other  than  to  point 
to  the  fact  that  producer  gas  manufactured  "in  bulk"  is 
cheaper  than  the  large  nimiber  of  separate  units. 

From  the  forgoing  exposition  of  the  comparison  between 
"built  in"  producers  and  the  central  producer  plant,  I  believe 
that  I  am  justified  in  saying  that  if  the  carbonisation  in  bulk 
rested  alone  on  this  feature,  it  would  be  far  in  advance  of  any 
other  coal  gas  system. 

So  much  for  the  principles  involved  in  the  production  of 
heating  gas.  Let  us  turn  now  to  the  principles  involved  in  the 
production  of  the  coal  gas  itself,  and  see  where  the  gas  oven 
stands  in  relation  to  fulfilling  the  ideal  conditions  for  the  pro- 
duction of  maximum  gas  yields  of  high  quality,  the  conserva- 
tion of  the  by-products,  the  conditions  of  labor,  repair  and 
up-keep  costs. 
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Efficiency  of  Gas  Production. 

Each  pound  of  coal  used  in  making  gas,  represents  in  it- 
self unlimited  possibilities.  To  use  a  rather  mixed  metaphor, 
each  pound  is  a  "Pandora's  box"  from  which  flies  out  at  the 
opening  of  the  lid,  perhaps  troubles  in  vast  quantities  for  the 
operator  of  coal  gas  plants,  but  certainly  all  kinds  and  varie- 
ties of  products.  Ultimately,  coal  consists  of  but  five  great 
elements,  but  the  permutations  and  combinations  possible 
from  the  various  proportions  and  arrangement  of  these  ele- 
ments in  various  substances,  is  innumerable. 

Coal  gas  efficiency  has  two  phases : 

1st.  How  much  is  accounted  for  of  the  original  weight? 
2nd.  In  what  form  is  it  accounted  for? 
To  simplify  the  matter  as  to  an  understanding  of  the  sub- 
ject concretely,  Mr.  Vivian  B.  Lewes  in  his  recent  book  on 
coal  carbonization  said: 

"In  considering  the  ultimate  effect  of  pushing  temperatures 
to  the  highest  possible  extent,  it  is  well  to  consider  the  amount 
and  value  of  the  coke  and  gas  that  could  possibly  be  obtained 
from  an  ordinary  coal  were  we  to  carbonize  it  in  an  inverted 
vertical  retort  with  the  coal  fed  in  by  a  ram  at  the  bottom,  so 
that  the  gas  and  vapors  had  to  traverse  a  colunm  of  lo  ft 
of  coke  at  1,000**  C,  contact  would  decompose  all  the  gaseous 
and  volatile  compounds  into  hydrogen  and  carbon  monoxide, 
and  we  should  obtain: 

Feet  Per  cent. 

Hydrogen   22,400  77.87 

Co 6,366  22.13 

or  a  yield  per  pound  of  coal  of      ''—     =   12.8  ft.  of  gas  per 

pound. 

This  shows  the  futility  of  operating  to  secure  the  maximum 
yield  and  using  it  as  the  criterion  of  progress  and  efficiency. 

It  is  self-evident,  that  the  process  is  the  most  efficient, 
which,  while  giving  the  required  quality  of  gas,  gives  the 
most  gas  with  the  production  of  the  most  valuable  coke  and 
other  by-products. 
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is  my  purpose,  therefore,  to  demonstrate  the  fact  that  the 
iven,  or  carbonization  in  bulk,  gives  high  efficiency,  and 
es  so  because  the  methods  of  carbonization  in  use,  are 
which  are  based  on  the  soundest  principles. 

ecoGNizED  Principles  of  Coai,  Gas  Manufacture. 
th  the  introduction  of  the  vertical  retort,  it  was  demon- 
d  to  the  gas  industry  what  had  been  known  for  a  long 
to  the  coke  industry — that  a  filled  vessel  evenly  heated 
1  give  increased  gas  yield,  increased  gas  quality,  better 
Tiore  coke,  higher  ammonia,  better  and  more  tar.  In 
there  seemed  to  be  an  improvement  at  every  point  of 
facture.  The  reason  was  not  far  to  seek.  Carboniza- 
>roceeded  from  the  hot  wall  surface  forming  a  zone  of 
tion  the  products  of  which  condensed  on  the  side  in  con- 
^rith  the  relatively  cold  coal,  forming  an  almost  impen- 
e  film,  which  gradually  redistilled,  forcing  the  gas  to  flow 
inter  current  to  the  heat  flow.  While  the  temperature 
*  outside  of  the  chamber  or  oven  wall  is  high,  the  con- 
»f  the  carbonizing  material  with  the  wall  served  to  pull 
the  inside  temperature,  the  result  being,  that  while  the 
rature  of  the  wall  was  sufficient  to  develop  the  vapors 
lydrocarbons  of  high  molecular  complexity,  into  fixed 
and  hydrocarbons  of  low  complexity,  nevertheless,  the 
irature  was  not  of  sufficient  intensity  to  disassociate 
in  their  elements. 

s  is  in  marked  contrast  to  the  stop  end  horizontal  re- 
)nly  one-third  full,  exposing  the  gas  as  evolved  from  the 
to  a  passage  along  an  overheated  top  surface  having 
>r  no  work  to  do,  and,  therefore,  almost  as  hot  inside  as 
e. 

:h  the  appreciation  of  this  principle,  the  through  retort 
tors  were  able  to  avail  themselves  of  the  value  of  the 
istration  by  increasing  very  markedly  the  height  of 
*s  in  their  retorts,  thus  decreasing  not  only  the  volume 
5  in  contact  with  the  hot  top,  but  also  the  time  of  con- 
The  increase  in  gas  yield  by  this  method,  with  no  loss 
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in  quality,  only  served  to  confirm  the  general  principle,  that 
gas  made  with  full  chambers  in  which  the  gas  was  not  ex- 
posed to  overheated  surfaces,  was  made  on  proper  and  proved 
principles. 

As  far  back  as  1902,  Hilgenstock  showed  that  the  carbon- 
ization of  coal  in  a  coke  oven  proceeded  in  planes  parallel  to 
the  oven  walls  in  which  there  was  formed  a  film  of  tarry  con- 
densate, on  one  side  of  which  the  gas  was  evolved  by  re- 
distillation, and  distillation  passing  through  the  already  coked 
coal  and  up  the  oven  wall,  while  on  the  other  side,  the 
fresh  coal  was  acting  as  a  condenser  for  the  freshly  fomied 
tarry  vapors. 

In  1902,  Hilgenstock  read  before  the  German  Gas  Associa- 
tion a  paper  showing  the  results  of  tests  made  on  coke  ovens 
as  to  the  conditions  obtaining  during  carbonization.  In  this 
he  said:  (See  Journal  of  Cos  Lighting,  Vol.  80,  Page  1,145). 

"On  considering  the  coking  seam  scnnewhat  more  closely, 
it  will  be  seen  that  it  forms  the  clearly  recognizable  dividing 
diaphragm  of  thick  tar  between  the  raw  and  almost  unaltered 
coal  and  the  solid  coke,  from  which,  however,  the  gas  has  not 
yet  been  completely  dispelled." 

Last  year  before  the  Institute,  O.  B.  Evans  demonstrated 
that  while  a  certain  portion  of  the  gas  in  intermittent  vertical 
retorts,  passed  through  this  film  and  through  the  coal  mass  to 
the  top  and  out,  the  majority  passed  from  the  outside  of  the 
film  through  the  coke  and  up  the  oven  wall. 

This  deduction  is  well  expressed  by  Alfred  E.  Forstall  in 
a  recent  paper  before  the  Society  of  Chemical  Industry: 

"Mr.  Evans,  reasoning  from  the  pressure  conditions,  exist- 
ing in  the  interior  of  an  intermittently  charged  vertical  retort, 
came  to  the  conclusion  that  during  the  early  part  of  the  charge, 
when  the  layer  of  coke  formed  around  the  perimeter  of  the 
retort  was  compact  and  oflFered  no  ready  means  of  passage  to 
the  gas,  most  of  the  gas  produced  was  obliged  to  force  its 
way  through  the  pasty  layer  of  coal  in  the  initial  stage  of  car- 
bonization, and  pass  up  through  the  uncarbonized  coal,  hut 


Digitized  by  VjOOQIC 


557 

that  as  the  outer  layer  of  coke  contracted  and  cracked  under 
further  heating  most  of  the  gas  formed  in  the  latter  portions 
of  the  charge  passed  up  through  this  coke.  He  also  concluded 
that  of  the  gas  made  during  the  first  6  hours  which 
amounted  to  70  per  cent,  of  the  total  made,  45  per  cent,  passed 
up  inside  of  the  pasty  layer  through  the  core  and  55  per  cent, 
through  the  hot  coke  next  to  the  retort  walls,  and  that  the  gas 
evolved  at  low  temperatures  escapes  through  the  core  while 
that  evolved  at  high  temperatures  escapes  along  the  wall." 

I  believe  this  is  further  substantiated  by  the  fact  that  the 
system  of  vertical  operation  of  which  Mr.  Evans  speaks,  has 
the  further  advantage  of  a  "superheater"  at  the  retort  t(q). 
This  unfilled  space  at  the  top  of  the  retort  is  operated  at  about 
1,350*"  F.  It  is  exceedingly  unlikely  that  the  gas  coming  into 
the  retort  top  from  the  outside  of  the  charge  is  affected  in  this 
space,  having  previously  been  heated  beyond  this  temperature ; 
on  the  other  hand,  it  is  more  than  likely  that  the  low  tem- 
perature gas  passing  from  the  core  of  the  charge  does  improve 
by  being  brought  to  a  temperature  of  1,350°  F.  in  the  retort 
top. 

Hilgenstock,  in  his  paper,  said  that  the  principle  of  gas 
making  in  retorts  in  which  the  gas  must  come  in  contact  with 
highly  heated  surfaces,  was  wrong,  and  prophesied  that  coal 
gas  engineers  in  the  future  would  avail  themselves  of  the 
more  correct  principle  of  oven  carbonization,  in  which  the  gas 
was  required  to  pass  along  a  wall,  but  which  wall  was  kept 
below  the  destruction  temperature  by  being  in  contact  with 
material  which  was  constantly  conducting  the  heat  from  it. 

Such  has  been  the  case  in  the  introduction  of  the  vertical 
retort  in  the  application  of  coke  oven  principles  to  large  coal 
gas  undertakings.  When  the  vertical  retort  (intermittent) 
was  introduced,  the  claim  was  made  that  the  low  naphthalene 
and  high  tar  and  ammonia  yields  were  due  to  the  fact  that  the 
gas  was  formed  and  passed  through  the  core  of  the  charge. 
This  idea  has  been  thoroughly  refuted  and  I  believe  that  this 
contention  no  longer  exists. 
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No  claim  has  ever  been  made  that  in  the  coke  or  gas  oven, 
other  than  a  small  portion  of  low  temperature  product  gas 
passes  through  the  coal  mass.  An  investigation  of  this  matter 
was  conducted  by  the  H.  Koppers  Company  and  the  results 
given  out  in  a  paper  read  by  Peters  in  1908,  from  whicb  I 
quote  the  following  abstracts : 

"The  heated  wall  surface  must  be  covered  with  coal  so  that 
the  heat  transmitted  into  the  mass,  may  be  used  for  the  dis- 
tillation. It  must  purposely  be  avoided  to  overheat  the  gas 
on  its  way  to  the  offtake. 

"Coke  and  gas  oven  chambers  are  constructed  in  this  man- 
ner :  The  conditions  existing  in  a  gas  retort  are  not  found  in 
such  chamber  ovens,  for  instead  of  the  present  primary  gases 
becoming  overheated  and  broken  down  on  the  hot  surface, 
these  primary  products  are  condensed  and  redistilled  by  the 
advancing  heat,  giving  larger  coke  yields  and  an  increased 
ammonia  yield,  producing  a  light  fluid  tar  with  the  elimination 
of  graphite  and  stopped  standpipes.  If  the  walls  of  a  coke 
oven  are  heated  uniformly  and  the  coal  is  charged  into  Ae 
oven  in  such  a  way  that  the  entire  heating  wall  is  covercrf, 
then  there  is  no  possibility  of  the  products  of  distillation  being 
broken  down.  If  the  walls  are  not  uniformly  heated  or  the 
coal  does  not  cover  the  entire  heated  wall,  it  is  found  that  the 
gas  becomes  inferior,  while  both  tar  and  ammonia  yields  fall 
off. 

"As  long  as  the  oven  chamber  still  contains  coal  in  the  center 
of  the  charge,  the  temperature  of  the  inside  of  the  oven  cham- 
ber is  comparatively  low  and  of  such  a  degree,  that  the  pro- 
duced gases  do  not  undergo  decomposition." 

These  facts  proved  by  Koppers  tests  were  also  substantiated 
by  the  results  of  experiments  made  by  another  large  coking 
company. 

"This  company  built  ovens  as  shown  in  Fig.  i. 

"Between  each  two  chambers  there  was  a  wall  containing 
0|>enings  which  ended  in  vertical  channels  in  this  wall  " 
was  assumed  that  the  gases  produced  in  the  two  adjacent  oven 
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chambers  would  pass  through  the  coal  mass  toward  this  un- 
heated  dividing  wall  and  through  the  openings  into  the  verti- 
cal wall  channels.  The  ovens  were  heated  by  flues  on  the 
opposite  side  of  the  wall  through  which  the  gas  was  supposed 
to  pass.  The  result  was  a  colossal  failure.  The  gas  instead 
of  passing  through  the  coal  mass,  passed  up  the  heated  oven 
walls,  down  the  other  side  and  out.    The  coal  mass  guarded 


A/m4$.      2S  ^Osftf^mR /909 

Pig.  I. — Oven  heated  on  side  opposite  from  gas  exit. 

by  the  diaphragm  of  condensed  tar  was  impregnable.    The 
only  result  was  a  very  largely  increased  coking  time." 

KOPPERS  Gas  Oven. 

The  gas  oven  as  designed  for  American  coal  is  a  narrow 
chamber  37  ft.  long,  17  in.  average  width  and  8  ft.,  6  in.  high. 
It  is  heated  by  thirty  vertical  flues  connecting  into  a  common 
horizontal  flue  extending  along  the  top  of  the  oven,  but  below 
the  surface  of  the  coal  mass. 

The  gas  to  each  oven  is  set  by  means  of  two  metal  cocks, 
which  r^ulate  the  quantity  of  gas  consumed  in  the  vertical 
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flues,  one  cock  being  on  the  coke  side  and  one  on  the  pusher 
side. 

The  hot  secondary  air  is  admitted  from  the  r^nerators 
through  openings  adjacent  to  the  gas  openings,  the  two  meet- 
ing and  the  combustion  occurring  through  this  vertical  flue. 
In  the  top  of  each  vertical  flue  is  an  adjustable  sliding 
brick.       This    may    be    moved    so    that    by    changing   draft 
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Fig.  2. — Model  of  Keppers'  cross  regenerative  gas  oven. 

conditions,  the  length  of  flame  can  be  r^^lated,  and  per- 
fect combustion  obtained  in  each  flue.  It  is  therefore 
patent  that  the  oven  walls  are  capable  of  the  most  even  and 
exact  temperature  regulation. 

Should  the  general  heats  be  too  high,  the  amount  of  ps 
may  be  cut  down  to  suit  the  conditions  on  main  ovcn  gas 
valve.  Thus  the  gas  oven  presents  an  ideal  gas  making  cham- 
ber, filled  to  such  a  point  that  the  gas  passing  from  the  car- 
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bonizing  mass,  is  not  further  heated  since  the  horizontal  fine 
is  below  the  top  of  the  coal  mass. 

The  fact  that  the  producer  gas  is  of  uniform  quality,  free 
from  dust,  and  of  a  composition  unalterable  by  heat,  makes  the 
maintenance  of  uniform  conditions  exceedingly  simple ;  in  fad 


ft 
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the  regulation  of  heats  on  a  gas  oven  is  even  less  of  an  oper- 
ation than  on  a  coke  oven. 

Not  only  must  such  a  gas  chamber  be  properly  heated  in 
order  to  obtain  efficient  results,  but  it  must  be  tight  and  rcmaifl 
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tight  Such  is  the  construction  of  the  walls  with  tongues  and 
g^roove-brick,  and  with  such  careful  allowances  for  expansion, 
that  the  walls  may  be  said  to  be  perfectly  tight.  There  is 
every  reason  to  believe  that  there  is  no  leakage  whatever  in 
a  Koppers  Gas  Oven  using  high  volatile  coal. 

Gas  ovens  built  in  Germany,  Austria  and  England  have  not 
been  built  of  silica  brick,  but  of  high  grade  clay  brick.  Gas 
ovens  to  be  built  in  America  will  be  built  of  silica  brick,  as  a 
^de  acquaintance  with  the  use  of  this  material  in  coke  ovens 
in  this  country,  makes  it  possible  to  say  that  no  matter  what 
success  has  been  achieved  abroad  on  this  t3rpe  of  plant,  the 
silica  built  ovens  will  be  more  satisfactory. 

One  of  the  chief  advantages  of  the  gas  oven  lies  in  the  large 
amount  of  material  handled  at  one  time,  A  gas  oven  con- 
ceived for  American  gas  coals  would  have  a  capacity  of  11.3 
tons.  The  handling  of  this  amount  of  material  at  one  time 
has  many  advantages.  These  advantages  obtain  in  low  labor 
and  uniform  conditions  of  carbonization,  coupled  with  low 
investment  cost  and  low  repairs. 

There  is  also  in  connection  with  the  excellent  conditions  of 
carbonization,  a  great  flexibility  of  gas  producticm. 

What  is  the  benefit  as  compared  to  any  type  or  ret6rt  as  to 
uniform  conditions  of  operation?  Consider  a  charge  of  11.3 
tons  or  22,600  pounds  of  coal  placed  in  either  intermittent 
vertical  retorts  holding  1,500  lbs.  per  charge  or  through  hori- 
zontal retorts  holding  about  900  lbs.  In  the  first  instance, 
this  amount  of  coal  will  occupy  15  retorts;  in  the  second,  25 
retorts.  It  is  as  impossible  to  vary  the  charge  in  all  these 
retorts  to  suit  the  exact  conditions  as  it  is  to  preserve  exactly 
the  proper  condition.  The  result  is  that  some  charges  are  too 
small  for  the  heat,  while  others  are  too  great.  In  one  case 
the  coal  is  overcoked;  in  the  other,  it  comes  out  undercar- 
bonized.  The  best  that  can  be  achieved  is  to  work  toward  an 
average.  One  can  see  at  once  the  advantage  which  the  bulk 
carbonization  has  in  having  the  regulation  so  fine,  and  the  time 
of  carbonization  so  long,  that  the  slight  possible  variation  in 
the  condition  of  the  indvidual  oven  is  negligible. 
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Further  Advantages  of  the  Gas  Oven. 
Low  Labor  Cost 

There  are  two  reasons  for  low  labor  cost  in  gas  ovens,  ist, 
by  handling  the  coal  in  large  quantities,  it  is  possible  to  obtain 
low  labor  by  adopting  mechanical  means  for  movement;  2nd, 
on  account  of  long  carbonizing  periods,  it  is  possible  to  concen- 
trate the  work  and  thus  do  away  with  all  oven  labor  durii^  a 
large  portion  of  the  twenty-four  hours.  This  is  taken  ad- 
vantage of  in  the  Continental  plants  where  only  fire  brick  ma- 
terial is  available.  This  adapts  itself  well  to  a  24-hour  cokii^ 
period,  under  which  condition  all  the  charging  and  pushing  »s 
done  in  the  daylight  hours,  and  no  night  shift  is  required  0*^ 
than  a  watchman  and  the  operator  in  the  producer  house. 

To  illustrate  this  low  labor  feature,  the  following  is  a  ^^ 
of  men  necessary  to  operate  a  battery  of  seventy-eight  i^ 
ovens,  making  approximately  9,000,000  ft.  of  gas  per  ^^1- 

Labor  at  Budapest— 78  Ovens. 

Ovens. 
I  Pusher  operator 

1  Man  for  levclcr  machine 

2  Helpers 

1  Man  for  coke  quenching  station 

2  Helpers 

1  Larry  operator 

2  Laborers  for  ovens 

2  Men  for  collecting  main 
2  Gas  and  air  regulators 

Coal  Transport  from  Dumper, 
I  Mechanic 
I  Laborer 


Coke  Transport  from  Chamber. 
I  Mechanic 
I  Laborer 
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Producer  Service, 

3  Operators  for  steam  engines,  resp.  motors 
2  Foremen 

4  Laborers 
9 

Supervision, 
2  Foremen 

Cleaning, 
I  Bricklayer 

30  Total  number  of  men  required  for  24  hours. 

This  shows  a  total  of  30  men,  or  a  total  amount  of  coal 
handled  per  man  per  day  of  26.0  tons. 

If  we  suppose  that  these  men  receive  $2.50  per  day,  under 
American  conditions,  the  total  manufacturing  labor  would 

aQ  N/   2  SO 

amount  to '-^-  =  0.83^  per  thousand  feet  which  you 

will  grant  is  exceedingly  low. 

In  this  country,  it  is  not  calculated  to  get  as  low  labor  as  this. 

American  gas  coal  can  be  more  efficiently  handled  on  nar- 
rower ovens  and  on  shorter  coking  time.  As  soon  as  the  cok- 
ing time  is  lowered  below  24  hours,  it  becomes  necessary  to 
increase  the  number  of  shifts.  The  extra  labor  necessary  is 
more  than  over-balanced  by  the  extra  output  of  gas  per  oven 
and  the  consequential  curtailment  of  investment  costs. 

Labor  on  gas  ovens  will  vary  somewhat  with  the  size  of  the 
plant,  inasmuch  as  part  of  the  number  of  men  necessary  to 
operate  the  plant  is  somewhat  of  a  constant. 

To  illustrate  the  difference  in  the  composition  of  coal  as 
used  on  the  Austrian  gas  oven  plants  abroad,  and  standard  gas 
coal  as  used  in  America,  the  following  analyses  will  be  of 
interest : 

Westmoreland  Dombrauer 

American  coal  Austrian 

export  aeam  coal 

Volatile  matter 33»5o  31.90 

Fixed  carbon 60.50  60.50 

Ash 6.00  8.60 
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The  products  of  coal,  laboratory  distillation,  are  as  follows: 

9,000  pound  bans 

Wett  owtend  Dombraoer 

Pounds  Pounds 

Tar 68.40  55.00 

Combined  water 91.60  108.80 

Carbonic  acid 1 1.36  39*^ 

Hydrogen  sulphide 8.50  3.60 

Ammonia 7.50  5.94 

Gas  by  weight 323.30  399-^ 

Coke 1,487.34  1,487.46 

Total 2,000.00  2,000.00 

Ultimate  analysis  shows  that  the  oxygen  in  Dombrauer  coal 
is  8.5,  while  that  of  Westmoreland  coal  is  7.05. 

All  of  the  gas  coals  used  abroad  are  not  high  oxygen  coals, 
and  while  the  American  coals  lend  themselves  better  to  lower 
carbonizing  time  than  the  Austrian  coal  mentioned,  the  con- 
tributing factor  is  the  ability  to  use  silica  brick  walls.  The  ex- 
tra conductivity  of  this  material  allows  the  carbonization  to  be 
much  hastened,  while  preserving  a  high  factor  of  safety.  Low 
coking  time  by  increasing  the  output  per  oven  decreases  the 
investment  cost,  which,  together  with  normal  general  operating 
efficiencies,  more  than  offsets  the  low  labor  by  having  but  one 
shift.  In  plants  of  very  small  capacity,  this  would  not  hold 
true,  however,  for  obvious  reasons. 

Coke  Quality. 

In  his  latest  book  on  "The  Carbonization  of  Coal",  Vivian 
B.  Lewes  says: 

"In  America,  the  by-product  oven  is  a  success  because  long 
ago  they  had  the  sense  to  abolish  bituminous  coal  as  a  domestic 
fuel,  and  it  is  high  priced  anthracite  and  not  cheap  bituminous 
coal  that  the  coke  has  to  compete  with,  and  as  metallurgical 
coke  is  a  fuel  that  answers  perfectly  in  the  closed  anthracite 
stoves,  it  follows  naturally  that  the  domestic  market  is  open  to 
it.  In  England,  however,  with  our  open  grate  fires,  often  with 
hardly  enough  draft  to  burn  bituminous  coal  and  needing  an 
easily  ignited  and  free  burning  fuel,  such  coke  would  have  no 
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chance  of  success,  and  this  so  alters  the  whole  position,  that 
one  has  to  admit  that  carbonization  in  bulk  can  succeed  only 
in  those  districts  where  metallurgical  coke  is  a  necessity." 

Coke  quality  is,  therefore,  a  matter  of  prime  importance  in 
coal  gas  manufacture  in  America.  Coke  must  be  sold  in  com- 
petition with  anthracite  coal,  and  must  have  qualities  re- 
sembling those,  of  anthracite  coal. 

Coke  quality  is  a  function  of  two  controlling  features,  ist, 
Coal  quality  and  characteristics;  2nd,  Conditions  of  coking. 
Metallurgical  coke  is  coke  having  the  necessary  characteristics 
which  enable  it  to  be  used  in  metallurgical  processes,  such  as 
for  pig  iron  production  in  blast  furnaces.  It  must  be  hard, 
must  have  crushing  resistance,  a  certain  degree  of  porosity,  low 
sulphur  and  low  phosphorous  content.  It  must  have  a  certain 
molecular  condition  of  carbon  which  gives  it  a  resistance  to 
consumption  in  the  presence  of  hot  carbonic  acid  in  the  gases. 

It  is  customary  among  blast  furnace  operators  to  conduct 
certain  tests  to  determine  the  character  of  coke.  (For  testing 
methods,  see  Bureau  of  Mines,  Bulletin  8,  Technical  Paper  50.) 

These  are : 

1st— Shatter  test. 

2nd — Porosity  test. 

3rd — Specific  gravity. 

4th — Crushing  strength. 

5th— Solubility  in  CO,  at  1,000^  C.  (1,832''  F.). 

The  Gas  Manager  in  the  past  has  been  primarily  a  coal  gas 
manufacturer  rather  than  a  coke  manufacturer,  and  has  been 
slow  to  an  appreciation  of  the  situation. 

Most  of  the  gas  house  coke  in  this  country  has  been  "stop 
end  retort  coke". 

Though  the  gas  manufacturer  found  difficulty  in  disposing 
of  the  surplus  coke  from  his  plants,  he  had  been  rather  too 
contented  to  take  things  as  they  were  instead  of  examining 
into  conditions  affecting  his  business. 

Coke  sales  are  an  important  factor  of  coal  gas  manufacture, 
and  the  engineer  must  wake  up  to  the  conditions.    The  com- 
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petition  is  with  anthracite,  and  the  result  of  tryii^  to  use 
in  this  competition  soft,  friable,  dirty,  "unbumed-off*  coke, 
rapidly  deteriorating  into  breeze,  is  determined  at  the  outset 
Either  such  coke  will  not  sell,  or  if  it  does,  the  competitioo 
price  is  ruinous. 

The  answer  is  to  make  a  coke  that  will  compete  with  anthra- 
cite on  equal  terms,  or  nearly  so. 

In  connection  with  the  preparation  of  this  paper,  the  idea 
was  conceived  of  having  various  plants  using  diflferent  pro- 
cesses of  coal  gas  manufacture  send  to  a  prominent  steel  plant, 
samples  of  their  coke  for  testing  purposes,  and  it  was  my 
purpose  to  show  what  the  variation  in  coke  quality  is. 

After  some  hesitation,  I  have  decided  not  to  submit  these 
test  results,  but  to  recommend  to  the  Institute  that  a  committee 
undertake  this  work.  I  might  say  in  passing,  that  these  results 
were  exceedingly  interesting;  for  example,  the  variation  in 
specific  gravity  among  the  samples  submitted  was  as  much  as 
52  per  cent,  and  the  variation  in  percentage  of  cells,  25  per  cent. 
The  variation  in  "shatter  test"  was  equally  as  great. 

I  have  not  given  the  results  of  these  tests  because  I  could 
not  be  sure  that  the  samples  submitted  were  truly  representa- 
tive, but  such  work  could  be  carried  out  by  an  Institute  Com- 
mittee to  excellent  purpose. 

The  gas  oven  as  conceived  for  operation  in  America  on  gas 
coals  with  the  purpose  of  securing  all  the  gas  of  high  quality, 
will  not  make  true  metallurgical  coke  but  will  make  coke  en- 
tirely suitable  for  domestic  purposes  and  which  will  compete 
favorably  with  anthracite.  It  will  have  strength,  and  may  be 
handled  with  a  minimum  of  breeze.  From  the  very  nature  of 
its  method  of  manufacture,  it  will  be  harder,  stand  more  hand- 
ling and  bring  higher  prices  than  coke  made  by  many  other 
coal  gas  methods. 

The  importance  of  coke  sales  becomes  impressive  when  we 
consider  that  in  the  average  coal  gas  plant,  practically  100  lbs. 
of  coke  must  be  disposed  of  for  every  1,000  cu.  ft.  of  gas 
manufactured.     It  is  also  significant  that  a  variation  in  the 
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ice  of  50  cents  per  ton  of  coke,  will  affect  the  cost  of 
as  approximately  2.5  cents  per  thousand  cubic  feet, 
lality  of  coke  made  in  ovens  is  such  as  to  give  a  great 
e  over  other  coal  gas  processes,  so  far  as  extent  of 
nd  selling  price  is  concerned. 

Quality  of  Tar. 

ade  on  a  gas  oven  is  of  high  grade  and  commands 
es.  The  amount  of  creosote  oil  is  exceedingly  high 
>itch  content  low.  The  amount  of  free  carbon  will  not 
per  cent.  The  following  is  a  comparison  of  the  tar 
from  the  distillation  of  coal  on  two  gas  making 

analyses  were  made  by  the  United  Gas  Improvement 
J  Standard  Tar  Distillation  Method  in  the  same  lab- 
)y  the  same  chemist  with  the  same  apparatus. 


ceived  from 

ompany.     Made  on  through 

etorts. 


>n> 


•avity  . . . 
T  gallon . 

tillation 
to  300® 

'  *•  350** 
3  •»  400° 

'  -  450^ 

'  ••  5oo*» 

*  *•  550^ 
»  "  6oo«' 

•  •»  650' 

«>  -  75o<» 
>ve750*» 


22.20  % 
50.67  f, 
1.249 
10.37    lbs. 


Per  cent, 
by  Tolume 

00.0 

00.0 

4.0 

6.0 

7.0 

2.3 
8.0 
6.2 

4.0 
5.5 
9.6 

52.6 


Sample  received  from  Vienna.    Made 
on  Koppers  Gas  Ovens. 

Free  carbon 2.65  % 

Coke 16.1     % 

Specific  gravity 1.107 

Weight  per  gallon 9. 19    lbs. 


Specific 
gravity 


1. 0515 
1.0774 
1.0864 
I.I061 
1. 1244 
I.1371 
I. 1537 
I. 1687 
I. 2160 


Per  cent, 
by  volume 

2.9 

.     4.1 
II. 2 

10.5 
7.8 
7.2 

8.3 
7.3 
8.0 

130 
7.2 

87.5 


Specific 
gravity 

0.8977 

0.9620 

1.0024 

10332 

1.0662 

1.0774 

I.0951 

I.1213 

I.1414 

1.2260 


ically  everything  from  400**  to  650**  would  be  recovered 
ote  oil — below  that,  light  oil — above,  pitch. 
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Under  this  division,  we  would  have  in 

"A"  "B- 

Per  cent.  Per  cent. 

Light  oil 4.0  by  volume  18.2  by  volume 

Creototeoil 29.5   **        •*  41.1  ** 

Pitch 67.5  by  weight  40.7  by  weight 

Since  pitch  is  the  ingredient  least  valuable,  it  follows  that 
the  oven  tar  is  of  higher  intrinsic  value. 

The  fact  that  the  free  carbon  is  also  so  much  lower,  would 
give  it  a  better  value  from  a  distilling  cost  standpoint. 

So  far  as  quantity  of  the  tar  is  concerned,  the  gas  oven  will 
give  as  much  as  any  other  system  operating  on  the  same  coal 
and  making  the  same  quality  of  gas. 

AfntnofUa. 

Coal  contains  as  one  of  its  elemental  components,  nitrogen. 
During  the  process  of  distillation,  the  nitrogen  is  given  oflF  in 
five  ways,  the  amount  being  a  function  of  two  variables,  (i) 
The  condition  of  the  nitrogen  in  the  coal ;  (2)  The  heat  to 
which  the  coal  and  its  products  is  subjected. 

In  each  coal,  there  is  a  definite  temperature  up  to  which  the 
ammonia  increases  in  amount  as  the  temperature  is  raised 
and  above  which  there  is  a  deterioration. 

Professor  Oscar  Simmersbach  has  recently  made  important 
experiments  along  these  lines,  the  results  of  which  may  be 
found  in  an  article  in  "Stahl  und  Eien"  Nos.  28  and  29,  1914- 
In  the  appendix  will  be  found  an  abstract  translation  of  this 
paper,  which  I  feel  will  prove  of  general  interest. 

I  beg  to  call  your  attention  to  Table  I,  Sec.  A,  B  and  C  and 
Table  II. 

Table  I  shows  that  the  maximum  ammonia  is  formed  on 
Upper  Silesian  coal  containing  1.396  per  cent,  of  nitr(^i  ^^ 
a  temperature  of  900*"  C.  or  1,652**  F.  This  amount  formed, 
namely,  24.12  per  cent.,  corresponds  to  a  3rield  of  about  8.2  lbs. 
of  ammonia  per  net  ton  of  coal.  1.396  per  cent,  nitrogen  cor- 
responds to  27.92  lbs.  of  nitrogen  per  net  ton.  It  is  interesting 
to  note  at  this  temperature  of  maximum  formation  what  the 
distribution  from  a  ton  of  coal,  is,  in  the  products : 
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Ammonia  NHs  Cyanogen  CN                              In  tar 

8.2  lbs.  o.6i  lb.                           i.i61bs. 

(6.73  nitrogen)  (0.33  nitrogen) 

As  free  N  in  gas  In  coke 

5.39  llM. 
Equivalent  to  46   cu.    ft.  16.3  lbs. 

On   a  make  of  10,000  ft. 

per  ton— this  becomes  0.46 

per  cent,  in  Tolume. 

Of  interest,  in  connection  with  this,  we  find  in  Table  II,  the 
production  of  gas  as  compared  with  the  yield  of  ammonia. 
This  shows  that  when  obtaining  a  gas  of  about  600  B.  t.  u.'s 
and  a  high  calorific  multiple,  that  the  maximtun  of  ammonia 
was  formed. 

The  temperatures  at  which  he  finds  the  maximtun  yield  of 
ammonia  are  those  at  which  the  best  gas  results  are  obtained. 
It  is  generally  regarded  that  the  best  gas  making  temperature 
lies  between  800  and  900^  C.  It  is  also  true  that  the  maximtun 
yield  of  ammonia  takes  place  between  these  points.  It  would 
seem  a  logical  deduction,  therefore,  that  that  process  which 
gives  the  best  yield  of  ammonia,  conducts  the  distillation  in  a 
manner  to  give  the  best  gas  results. 

In  examining  the  efficiency  of  any  process  from  a  gas  making 
standpoint,  it  is  well  to  know  what  ammonia  is  recovered. 

The  gas  oven  when  operated  to  give  high  yields  of  600 
B.  t.  u.  gas,  will  give  as  ammonia  practically  24  per  cent,  of 
the  nitrogen  in  American  gas  coal. 

Advantages  of  Koppers^  Gas  Ovens, 

Summarizing,  the  Koppers'  gas  oven  has  the  following  ad- 
vantages : 

I  St.  The  oven  is  heated  with  clean,  cold  gas  from  an  ex- 
traneous source. 

2nd.  This  gas  is  made  in  a  producer  plant  so  arranged  as 
to  give  high  efficiency  and  to  use  the  coke  breeze  made  in  the 
ovens  and  during  coke  handling. 

3rd.  The  quantity  of  this  material  necessary  together  with 
the  good  coke  used  amounts  to  only  11  per  cent,  to  12  per  cent, 
of  the  weight  of  coal  carbonized. 
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4th.  The  producer  gas  is  capable  of  exact  r^^atioa  for 
each  oven. 

5th.  The  oven  is  heated  by  thirty  vertical  flues,  the  heat  in 
each  one  being  capable  of  adjustment. 

6th.  Ovens  are  charged  to  a  point  higher  than  heat  is  applied, 
thus  protecting  the  gas  from  over-heating  on  its  passage  above 
the  coal. 

7th.  All  heated  walls  are  in  contact  with  conducting  material 
on  which  and  through  which  the  heat  is  being  used,  thus  re- 
ducing the  temperature  below  the  point  of  injury  to  the  gas. 

8th.  By  use  of  regenerators,  heating  both  secondary  air  and 
producer  gas,  the  temperature  of  the  outgoing  stack  gases  is 
reduced  to  below  500**  F.,  thus  giving  a  high  thermal  efficiency 
of  carbonization. 

9th.  By  handling  coal  and  coke  in  large  masses,  labor  is  de- 
creased and  mechanical  operation  used  to  great  advantage. 

loth.  Gives  a  hard  coke  which  can  compete  with  anthracite 
coal  at  similar  prices.  Such  coke  contains  nearly  10  per  cent 
more  fixed  carbon  than  anthracite  sold  for  domestic  purposes 
and  will  stand  handling  with  little  deterioration. 

nth.  Cost  of  the  complete  plant  including  producers  is  as 
low  as  any  other  form  of  efficient  coal  gas  apparatus. 

I2th.  Being  constructed  of  silica  material,  the  life  of  the 
plant  is  very  great  and  repairs  reduced  to  a  minimum. 

13th.  The  advantage  of  complete  heat  control  in  the  ovens 
makes  it  possible  to  raise  and  lower  the  cdcing  time  quickly  and 
efficiently,  thus  permitting  the  amount  of  coal  carbonized  and 
the  consequent  gas  output  to  be  varied  with  the  seasons  and 
as  demands  are  made  for  gas. 

14th.  Carbonization  in  gas  ovens  gives  maximum  yields  of 
high  quality  gas  together  with  high  ammonia  yield,  high  tar 
yield  of  maximum  value  and  an  excellent  coke. 

While  over  2,300  ovens  of  this  design  have  been  contracted 
for  and  built  in  America  to  be  used  as  coke  ovens  and  operated 
by  coke  oven  methods,  no  plants  have  yet  been  built  using  the 
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central  producer  plant  and  taking  all  the  ^as  from  the  coal  for 
distribution. 

It  is  necessary,  therefore,  to  turn  to  the  European  plants  for 
an  examination  into  results. 

The  following  plants  have  been  built  and  contracted  for 
throughout  the  world : 

Ovens 

Vienna 152 

Berlin   40       These  have  a  capacity  of 

Budapest 78  nearly  50,000,000  cu.  il. 

Kiel 23  per  day. 

Koenigsburg 35 

Birmingham,  Bngland 66 

Tokio 60 

Stockholm 45 

Total 499 

The  following  tables  show  the  results  on  gas  production  and 
producer  operation  at  Vienna  and  Budapest : 

Results  of  Tests  on  Some  European  Pi^nts. 
Vienna,  Leopoldau. 
Test  made  by  Gas  Works  Authorities  May  19  to  May  25,  1912. 
I.  Number  of  ovens  in  operation — ^36. 
1.  Number  of  chambers  pushed  per  day — ^36. 

3.  Coking  period — ^24  hours. 

4.  Kind  of  coal  used — 

Pol.  and  Mahr — Ostrauer  District 78.24  per  cent 

Karwin  and  Dombrauer  17.96  per  cent. 

District  unspecified  3.80  per  cent. 

100.00  per  cent. 

5.  Coal  characteristics — 

Moisture   2.70  per  cent. 

Fixed  carbon  and  voL  87.55  Pcr  cent. 

Ash 975  per  cent. 


100.00  per  cent. 

6.  Heating  value  of  coal— ash  deducted  per  lb.— 12,950  B.  t  u.  accord- 

ing to  Berthelot-Mohler. 

7.  Total  coal  carbonized  in  6  days— ^,6244  net  tons. 

8.  Total  coal  carbonized — with  the  correction  made  for  ash  above 

8  per  cent — guarantee  basis— 2,579  tons. 
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9.  Average  coal  charged  per  chamber— guarantee  coal  basis — ii^Mtoos. 

la  Total  gas  metered  at  70.5**  F.  198.3  mm.— 794^70  M*;  holder  pres- 
sure 747.98  mm.  at— 28,056^550  cu.  ft 

11.  Gas  produced  at  60  deg.  and  30  in.— 27,111,660  cu.  ft 

12.  Average  gas  produced  per  day  at  60  deg.  30  in. — 4^18,610  en.  ft. 

13.  Gas  yield,  corrected,  on  guarantee  coal — per  ton,  10,513  cu.  ft;  per 

lb.,  5.26  cu.  ft. 

14.  Gross  B.  t  u.  value  at  60  deg.  30  in.— 618. 

15.  B.  t  u.  per  lb.  coal— 

CaL  multiple  (13)  X  (14)  =  5^5  X  618  =  smS- 

16.  Number  of  producers  in  operation — ^4. 

17.  Weight  of  coke  and  breeze  in  producers,  including  13  per  cent. 

water  and  12.7  per  cent  ash — ^344.7  tons. 

18.  Amount  charged  dry— 305  tons. 

19.  Amount  of  coke  charged,  calculated  to  an  ash  of  11.4  per  cent  (ms 

per  test  coal) — 287  tons. 

20.  Dry  coke  containing  11.4  per  cent  ash,  per  ton  of  test  coal  used — 

1 1. 1  per  cent. 

21.  Assuming  calorific  value  of  coke  as   12,500  B.tu.'s  per  lb.   dry 

B.tu.'s  required  in  producer  per  lb.  of  coal— 1,388. 

22.  Analysis  of  Producer  Gas— 

CO»    2.60  per  cent 

0«    0.25  per  cent 

CO    29.50  per  cent 

H    9.98  per  cent 

CH4   0.42  per  cent 

N    57^5  per  cent 

loaoo  per  cent 
134  B.  t  u.  per  cu.  ft. 

23.  Quantity  of  water  evaporated  during  test-^&5.ooo  lbs. 

24.  Water  evaporated  per  lb.  of  coke  as  charged — 1.2  lbs. 

25.  Net  thermal  efficiency  of  producer  plant  and  ovens,  assuming:  726 

B.t.  u.'s  necessary  to  carbonize  a  lb.  of  coal ^-^  no  allow- 

ii3^ 

ance  for  steam  produced  over  that  used— 52.3  per  cent 
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Kiel,  Germany, 

January  6  to  12  inclusive,  1914- 

Pla.nt  of  23  Koppers  horizontal  cross  regenerative  central  producer 
plant  operated  gas  ovens. 

1.  Number  of  ovens  in  operation — ^23. 

2.  Number  of  ovens  charged  per  day— 23. 

3.  C<^ng  period— 24  hours. 

4*  Kind  of  coal  used — English,  "New  Leverson." 

5-  Characteristics  of  coal- 
Moisture 2.3  per  cent 

VoL  matter  and  carbon 864  per  cent. 

Ash    11.3  per  cent. 

6.  Average  heating  value  of  coal  as  received— 12,518  B..tu.'s 

7.  Total  coal  carbonized  in  6  day  test,  calculated  to  8  per  cent  ash 

basis — 1,128  net  tons. 

8.  Average  coal  charged  per  oven,  guarantee  coal  basis— 8.17  tons. 

9.  Total  gas  metered— 12,852,540  cu.  ft;  read  at  average  temperature 

67.8,  pressure  770  mm.  at  194  holder,  964  mm. 

10.  Gas  production  corrected  to  60  deg.  +  760  mm.  (30  in.) — 12,712,560 

cu.  ft 

11.  Average  corrected  gas  produced  per  day— 2,118,760  cu.  ft 

12.  Gas  yield,  corrected,  guarantee  coal — 11,270  cu.  ft  per  net  ton, 

5.635  yield  per  lb. 

13.  Gross  B.tu.  value  at  60  deg. — 760  mm.   (30  in.)— 574.    Junkers 

calorimeter. 

14.  B.tu.  per  lb.  coal— (12)  X  (13)  =  3»334  B.tu.'s. 

15.  Guarantee  coke  (114  P«r  cent  ash)  used  in  producers — 139.1  net 

tons. 

id  Coke  (guarantee  114  per  cent  ash)  used  per  ton  of  guaranteed 
coal  (8  per  cent  ash)— 246  lbs.  =  12.3  per  cent 

Budapest,  Austria, 
Feb.  21  to  27,  1914. 
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To  Summarize  the  Tests. 

With  coal  inferior  to  American  coals  in  quality — ^producing 
a  lower  standard  of  gas  calorific  value — the  results  showed 
as  follows : 

Gas  yield  Calorific  Calorific         Uaderfirinff 

per  pound  value  Multiple  per  cenL 

Vienna 5.26  618  3t245  11. i 

Kiel 5.635  574  3,234  12.3 

Budapest 5.64  564  3,207  11.3 

None  of  these  ovens  are  built  of  silica  material  and  would 
be  at  a  disadvantage  compared  to  silica  ovens  with  American 
coals. 

The  plant  nearest  to  this  country  has  been  built  at  Birming- 
ham, England.  The  plant  as  originally  built  consisted  of  12 
gas  ovens  operated  by  a  Mond  producer  gas  plant.  The  oper- 
ation of  this  small  battery  was  so  successful  that  an  addition 
of  54  ovens  was  decided  upon.  An  innovation  is  planned  on 
these  batteries,  using  the  Mond  producer  to  furnish  the  pro- 
ducer gas  operating  on  the  recovery  principle.  In  this  it  is 
planned  to  secure  approximately  70  lbs.  of  sulphate  per  ton 
of  producer  coal.  This  new  plant  is  about  ready  for  operation 
and  should  prove  of  great  interest,  inasmuch  as  a  successful 
operation  will  mean  that  the  cost  of  the  producer  gas  is  prac- 
tically nothing. 

In  a  paper  read  before  the  Institution  of  Gas  Engineers  in 
June,  191 3,  Mr.  W.  Cheney  gives  the  following  results  of  a  7 
day  test  on  the  12  oven  battery : 

The  following  figures  were  obtained  from  a  mixture  of  50 
per  cent.  South  Yorkshire  coal  and  50  per  cent,  of  Derbyshire 
coal  unstamped. 

1.  Duration  of  test — ^7  days. 

2.  Number  of  ovens  charged — 84. 

3.  Gas  made,  corrected   for  temp,  and  bar.    (COa  not  removed)— 

8,219,000  cu.  ft. 

4.  Coal  carbonized  (raw) — 728  net  tons. 

5.  Analysis  of  coal — 

Water   4.0  per  cent 

Ash    4-5  per  cent 
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6.  Gas  made  per  ton  of  coal,  corrected  for  temp,  and  bar. — 11,300 

cu.  ft  (5.65  per  lb.). 

7.  Illuminating   power,    No.    i    burner    (COa   not    extracted)-— 14.05 

candles. 

8.  Illuminating   power,    No.    2    burner    (CO,    not    extracted)— 17.00 

candles. 

9.  Calorific  value — net  500  B.  t.  u.  per  cu.  ft. 

10.  Calorific  multiple— 2,825  net. 

11.  Specific  gravity  of  gas— 0437. 
Analysis  of  Gas — 

Carbonic  add   2.1  per  cent. 

Hydrocarbons    2.9  per  cent. 

Oxygen    0.7  per  cent. 

Carbonic  oxide    7.8  per  cent. 

Hydrogen   50.0  per  cent. 

CH4   30.0  per  cent. 

Nitrogen   6.5  per  cent. 

B.  t.  u.'s  gross,  560. 

B.tu.'s  per  lb.,  3»i64. 
Sulphur  in  gas  other  than  H2S,  30.7  grains  per  100 

cu.  ft. 
Cyanides  as  Na4Fe(CN)«,  3.34  lbs.  per  10,000  cu.  ft. 

While  the  figures  on  foreign  plants  are  of  academic  interest, 
it  is  not  until  figures  are  given  on  American  coals  under 
American  conditions,  that  the  matter  of  gas  ovens  becomes  of 
concrete  value.  For  this  reason,  I  am  sure  that  the  results  of 
the  operation  of  Koppers'  ovens  will  prove  of  interest. 

It  is  to  be  deplored  that  the  results  of  tests  conducted  were 
not  made  in  connection  with  a  central  producer  plant,  but  so 
far  as  the  production  of  coal  gas  is  concerned,  this  makes  no 
difference,  excepting  for  the  fact  that  coke  ovens  for  the  pro- 
duction of  coke,  and  gas  ovens  for  the  production  of  gas  are 
not  similar  in  their  proportions,  and  such  tests  when  made  for 
gas  on  coke  ovens  are  not  the  whole  story.  The  ovens  used  in 
the  test  below  have  the  following  dimensions : 

Length  between  doors 40  ft.  4  in. 

Height  of  coal   10  ft.  iJ4  in. 

Average  width  19  in. 
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The  dimensions  which  we  would  regard  as  suitable  for  a 
gas  oven  on  American  coal  would  be : 

Length    37  ft 

Height    8  ft.  10  in. 

Width    17  in. 

The  fact  that  the  ovens  used  were  higher  and  wider  militated 
against  results.  This  plant  was  the  only  one  so  situated  as  to 
enable  it  to  be  nm  as  a  gas  oven,  and  we  felt*  fortunate  to  have 
that.  The  results,  therefore,  are  very  conservative  and  serve 
as  a  good  indication  of  what  might  be  expected  under  better 
conditions. 

Account  of  Test  by  Maryland  Steel  Co.  at  Sparrows 
Point,  Md.,  on  Koppers^  Ovens  Conducted  by  Ed- 
win Barnhart  Assisted  by  Mr.  Duval, 
Coke  Plant  Chemist. 

A  few  years  ago,  the  Maryland  Steel  Company,  in  order  to 
convince  themselves  of  the  correctness  of  the  claims  made  for 
the  Koppers*  cross-regenerative  coke  oven,  erected  a  small 
battery  of  six  15-ton  ovens  in  close  proximity  to  their  Otto- 
Hoffman  batteries  which  were  at  that  time  in  operation.  These 
six  ovens  were  connected  with  the  mains  of  the  old  batteries 
and  so  arranged  that  the  gas  could  be  taken  away  in  the  same 
main  and  through  the  same  by-product  plant. 

About  October  15,  1913,  it  was  decided  to  abandon  their  old 
batteries  and  to  shut  down  the  experimental  Koppers  six  oven 
plant  also.  It  seemed  an  excellent  opportunity  to  find  out 
what  such  ovens  would  do  when  operated  as  gas  ovens,  re- 
covering all  the  gas,  by-products  and  coke.  An  arrangement 
therefore,  was  made  with  the  Maryland  Steel  Company  to  con- 
tinue the  ovens  in  operation  and  make  such  changes  as  would 
allow  them  to  conduct  a  test  along  these  lines. 

The  plant  was  equipped  with  a  dnmi  station  meter,  but  it 
was  necessary  to  change  the  piping  so  that  all  the  gas  made 
would  first  pass  through  this  meter  and  be  recorded ;  a  portion 
of  this  gas  was  then  returned  to  the  battery  to  effect  the  car- 
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bonization.  Connections  were  made  at  the  outlet  of  the  final 
cooler  so  that  the  gas  might  be  sampled  continuously  and  the 
pipe  led  to  the  regular  photometer  room,  where  24-hour  aver- 
aging tanks  were  available,  as  well  as  a  5  ft.  gas  holder  for 
continuous  reading  through  which  the  gas  could  be  burned 
continuously  and  be  read  at  regular  intervals. 

There  were  many  difficulties  to  be  overcome  and  endured 
during  the  test.  As  soon  as  the  old  plant  was  shut  down,  the 
large  30-in  foul  gas  mains  extending  for  nearly  J/^  of  a  mile 
to  the  six  oven  plant,  contracted,  loosening  all  the  joints. 
These  joints  had  to  be  gone  over  carefully  and  calked. 

The  exhauster  system  as  well  as  the  condensers  and  tar  ex- 
tractors were  intended  for  millions  of  feet  of  gas  where  we  had 
himdreds,  and  it  was  exceedingly  difficult  to  maintain  any  even 
pull  on  the  mains.  This  was  rendered  more  difficult  by  the 
fact  that  the  ovens  held  15  tons  of  coal  each  and  the  tre- 
mendous variation  in  the  amount  of  gas  made,  when  a  fresh 
oven  was  put  on  the  line,  made  it  an  impossible  task  to  have 
good  regulation.  In  addition  to  this,  the  two  takeoflf  mains  on 
the  battery  were  but  12  in.  in  diameter,  so  that,  not  being  in- 
tended for  any  such  amounts  of  gas  as  we  were  making,  a 
heavy  back  pressure  was  at  times  put  on  the  ovens. 

Another  difficulty  lay  in  the  fact  that  in  order  to  charge  15 
tons  of  coal  at  one  charge,  it  was  necessary  to  use  the  two  old 
Otto-HoflFman  larry  cars  which  had  to  be  brought  up  an  incline 
to  the  Koppers  battery.  This  made  it  necessary  to  consume 
forty  minutes  in  charging  an  oven,  which  in  ordinary  practice 
should  have  consumed  but  6  to  8  minutes  on  the  outside.  Dur- 
ing 20  minutes  of  this  period,  large  amounts  of  rich  gas  were 
poured  out  into  the  atmosphere,  for  which  it  was  impossible 
to  make  an  allowance  on  gas,  candle-power,  heat  units  or  tar 
and  ammonia.  Despite  these  troubles,  it  was  decided  to  go 
ahead  with  the  test,  appreciating  that  the  difficulties  only  added 
factors  of  safety  and  conservatism  to  anything  we  would  find, 
and  that  if  we  got  fair  results,  we  would  secure  better  results 
in  actual  operation. 
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Disposition  of  Plant. 

Plant  consists  of  six  cross-regenerative  ovens  of  the  Keepers 
general  type,  in  which  no  preheating  of  the  fuel  gas  is  secured, 
but  have  a  low  radiation  factor  and  a  high  thermal  efficiency. 
The  ovens  were  equipped  with  two  12-in.  take  oflf  mains  con- 
nected into  a  30-in  foul  main  extending  for  J/^  of  a  mile  to 
the  exhauster  room. 

Exhauster  having  a  capacity  of  350,000  ft.  per  hour; 
Huntoon  governor  actuated  by  connection  to  inlet  to  exhauster. 
(It  was  impractical  to  connect  to  ovens.)  Electric  signals 
provided  to  indicate  condition  of  pressure  at  ovens.  Gas  then 
passed  through  P  &  A  tar  extractors,  a  cooler,  scrubber  and 
final  cooler,  and  then  passed  through  the  station  meter.  From 
the  station  meter  the  gas  divided,  part  going  to  the  exhauster 
and  part  to  the  relief  holder.  This  relief  holder  was  connected 
to  the  fuel  main  and  also  served  as  an  accmnulator  for  the 
exhauster. 

METHOD  OF  Carrying  Out  Test. 

It  was  desired  to  make  the  following  tests :  Yield,  of  gas, 
average  candle-power,  average  calorific  value,  ammonia,  tar 
and  coke. 

Yield. 

Station  meter  was  tested  and  found  defective.  Upon  open- 
ing  the  case,  a  large  hole  was  found  in  the  drum.  The  drum 
was  repaired  and  the  meter  put  into  general  first  class  condi- 
tion by  the  Maryland  Meter  Company.  The  meter  was  then 
tested  by  the  Maryland  Meter  Company  in  conjunction  with 
the  Baltimore  Gas  Company  and  the  Maryland  Steel  Company 
and  was  found  correct. 

Coal  weights  were  taken  in  two  ways.  It  was  impossible  to 
weigh  feach  charge,  but  the  cubic  contents  of  each  oven  was 
definitely  known,  and  twice  a  day  the  weight  of  a  cubic  foot 
of  coal  was  accurately  determined.  The  bins  were  emptied 
before  and  after  the  test,  and  an  accurate  weight  of  the  coal 
placed  in  the  bin  determined.     That  the  total  weight  checked 
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within  I  per  cent,  of  the  coal  placed  in  the  bins,  attested  the 
accuracy  of  this  method. 

Candle-Power, 

Candle-power  was  determined  by  examining  the  gas  on  a 
standard  bar  photometer  built  by  the  United  Gas  Improvement 
Company.  The  burner  used  was  a  Sugg  "D",  American  Meter 
Company  burner.  During  the  test,  readings  were  also  taken 
on  a  new  Sugg  "D",  on  a  Metropolitan  Burner  No.  2,  on  an 
o|>en  flame  Bray  No.  7  Universal  Slit. 

The  standard  was  a  Harcourt  Standard  pentane  lamp  certi- 
fied and  calibrated  by  the  U.  S.  Bureau  of  Standards.  During 
the  test,  readings  were  also  taken  against  a  Hefner  Standard 
and  an  Elliott  5  C.  P.  Standard. 

The  photometer  was  calibrated  by  the  use  of  a  certified 
cubic  foot  botttle.  Gas  was  conducted  from  the  outlet  of  the 
final  cooler  maintained  at  70''  F. 

The  lead  pipe  was  covered  and  protected  from  temperature 
variations  by  the  use  of  a  small  live  steam  pipe  included  in  the 
covering. 

In  the  Photometer  Room,  a  5  cu.  ft.  gas  holder  was  con- 
nected, automatically  kept  full  so  that  the  gas  passed  in  and 
out  constantly  maintaining  an  hourly  average  of  the  gas  made. 

Trained  photometer  readers  took  hourly  observations  for 
candle-power,  calorific  value  and  specific  gravity. 

Calorific  Value. 
Calorific  value  was  determined  by  the  use  of  an  American 
Meter  Company  Junkers  Calorimeter.  All  thermometers  were 
calibrated  by  the  U.  S.  Bureau  of  Standards.  Meter  cali- 
brated against  standard  cubic  foot  bottle.  Methods  of  testing 
were  those  prescribed  by  the  A.  G.  I.  Calorimeter  Committee 
and  all  advices  considered,  including  the  use  of  an  overhead 
water  tank  to  secure  water  room  temperature. 

Specific  Gravity, 
Specific  gravity  determined  by  Standard  Schilling  specific 
gravity  apparatus. 
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Gas  Analyses, 
Gas  analyses  were  made  twice  daily  by  the  chemist  of  the 
Maryland  Steel  Company.    Apparatus  used  was  the  Bamhart 
modification  of  the  Hempel  apparatus.    All  nitrogen   deter- 
minations were  checked. 

Tar  and  Ammonia. 
Tar  and  ammonia  were  measured  in  calibrated  tanks,  careful 
measurements  and  analyses  of  the  contents  being 'made  from 
time  to  time  during  the  test. 

Coke. 
Coke  was  ascertained  by  weighing  all  cars.     Moisture  tests 
were  taken  during  test. 

Coal  Carbonised, 
Coal  used  was  of  two  kinds : 

(i)  West  Virginia  coal  from  Underwood,  W.  Va. 
(2)  Pennsylvania  coal  from  Pittsburgh  district. 
The  average  analyses  of  these  coals  were  as  follows : 

West  Virginia  Pittobarf^h 

Volatile  matter 37-34  35- 19 

Fixed  carbon 55-79  56.76 

Ash 6.69  S.05 

Sulphur 1.44  1.24 

Phosphorous 0.013  0.014 

Result  of  Test. 

The  gas  coal  was  put  into  the  ovens  on  November  9,  191 3. 
Inasmuch  as  no  data  could  be  secured  with  reference  to  gas 
yields  until  the  meter  was  ready,  all  data  previous  to  that  time, 
November  30th,  in  so  far  as  gas  was  concerned,  was  dis- 
regarded. 

At  the  1 914  meeting  of  the  Illinois  Gas  Association  certain 
figures  were  given  out  as  the  tar  and  ammonia  yields  from  the 
two  kinds  of  gas  coal  on  this  test.  These  figures  were  deduced 
from  the  data  received  from  the  Steel  Company  making  the 
test.  After  talking  the  matter  over  with  them,  we  have  de- 
cided that  there  is  a  reasonable  doubt  as  to  the  accuracy  of  the 
figures  over  short  periods  of  time  on  large  capacity  tanks. 
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We  have,  therefore,  concluded  to  give  the  tar  and  ammonia 
figures  as  determined  over  a  longer  period. 
These  show  as  follows : 

Gallons 

Tar  on  hand  November    9th 646,454 

(t     ii      »i     December  25th 648,523 


Gain  in  stock 2,069 

Tar  sold  during  period 62,921 

Total  tar  made 64,990 

Tons 

Gross  coal  carbonized 4)545 

Gallons 
Tar  produced  per  net  ton 14.3 

In  the  same  manner  the  ammonia  yield  showed  as  follows : 

Pounds 

On  hand,  November    9th    24,993 

On  hand,  December  25th 29,612 


Gain  in  stock 4i729 

Sent  to  ammonia  still  daring  period 26,838 


Ammonia  made 3i»567 

Tons 
Coal,  carbonized 4.545 

Ammonia  (NH,)  per  net  ton 
3_i.567 
4.545 
equivalent  to  27.76  pounds  of  sulphate. 

In  connection  with  the  quality  of  the  gas  made  during  differ- 
ent periods,  the  following  samples  were  taken  from  one  oven 
over  the  entire  coking  period. 


=  6.94  lbs. 


Sample  from 

Sample  from 

Sample  from 

Sample  from 

11:30  a.  m.  to 

4:30  p.  m.  to 

9:30  p.  m.  to 

2:30  a.  m.  to 

4:30  p.  »n. 

9:30  p.  m. 

3:30  a.  m: 

7:30  a.  m. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Carbon  dioxide 

1.60 

1.40 

1. 00 

0.90 

Heavy  hydrocarbon 

•  •        550 

4.20 

3.10 

0.60 

C^ir^cf^n    .....     

0.50 

0.40 

0.40 

0.40 

Carbon  monoxide  . . 

..        7.80 

7.50 

6.90 

6.90 

Hydrogen 

•      45.80 

48.40 

53.40 

73.20 

Menthane 

. .      38.00 

36.10 

32.40 

15.90 

T^if rrMT^n    ....  ....  ..• 

0.80 

2.00 

2.80 

2   10 

B.  t.  u.  calculated . . 

..   676.0 

636.0 

590.0 

434.0 
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GAS  ANALYSIS. 
West  Virginia  Coal. 


I>atc 

B.  t.  u. 

1913 

per 

Dec. 

CO, 

0, 

111. 

CO 

CH, 

H, 

N, 

cu.  ft. 

2 

1.85 

1.25 

4.35 

7.10 

32.30 

47.50 

5.65 

616 

3 

1.70 

1.35 

4.65 

7.10 

33.20 

46.60 

5.40 

631 

4 

1.40 

0.60 

4.65 

7.05 

3165 

50.45 

4.20 

621 

5 

1.70 

0.80 

4.50 

7-15 

30.75 

49.40 

5.70 

619 

6 

1.50 

0.65 

4.10 

6.75 

32.25 

48.25 

6.50 

634 

Pittsburgh  Coal. 

II 

1.25 

0.65 

3.60 

6.80 

30.85 

50.05 

6.70 

614 

12 

1.35 

1.05 

3.25 

6.55 

29.70 

51.15 

6.95 

608 

13 

1^5 

0.75 

3.65 

6.85 

30.95 

52.05 

4.60 

612 

14 

130 

0.95 

4.05 

6.55 

31.25 

52.40 

3.50 

612 

15 

1-35 

0.90 

3.65 

6.60 

31.45 

51.65 

4.40 

600 

16 

1.40 

1. 00 

3.35 

6.80 

30.50 

52.35 

4.60 

598 

17 

1. 00 

0.90 

3.65 

675 

30.95 

51.25 

5.50 

607 

18 

1-30 

1.05 

3.95 

6.95 

31-70 

50.30 

4.75 

596 

19 

1.45 

0.90 

3.60 

6.90 

30.90 

52.40 

3.85 

608 

20 

1.40 

1.05 

3.10 

7.35 

3IIO 

51.75 

4-75 

593 

GAS  ANALYSIS 
Made  by  Baltimore  Gas  Company  After   Pumping  from  Spar- 
rows Point.    Gas  Analysis  on  Elliott  Apparatus. 
Calorimeter — Junkers. 
Information  supplied  by  courtesy  of  Mr.  George  Beadenkopf,  Engineer, 
Consolidated  Gas,  Electric  Light  and  Power  Co.  of  Baltimore,  Md. 
Average  Daily  Samples. 


Date 

B.  t.  u. 

1913 

per 

Dec. 

COs 

0, 

111. 

CO 

CH4 

H, 

N, 

cu.  ft. 

West  Virginia  Coal. 

2 

1.7 

0.4 

4.7 

7.0 

33.7 

50.9 

1.6 

621 

3 

1.5 

0.7 

5.4 

6.7 

35.1 

49.3 

1.3 

650 

4 

1-3 

0.7 

4.7 

6.6 

31.9 

53.6 

1.2 

619 

5 

1.5 

0.7 

4.5 

6.6 

30.8 

55.6 

0.3 

629 

6 

1.2 

0.9 

4.3 

6.5 

32.8 

52.4 

1.9 

631 

Pittsburgh  Coal. 

11 

1.8 

0.6 

3.2 

6.4 

31.7 

54.4 

1.9 

631 

12 

1.4 

0.4 

4.2 

6.3 

33.0 

51.6 

3.1 

616 

13 

1.4 

0.2 

3.6 

6.2 

30.9 

55.8 

1-9 

598 

14 

1.2 

0.8 

3.7 

6.2 

31.4 

54.5 

2.2 

615 

15 

1.2 

0.4 

3.8 

6.0 

32.3 

54.3 

2.0 

601 

16 

1.6 

0.5 

3.6 

6.0 

31.4 

54.«> 

2.3 

615 

17 

1.6 

0.5 

3.7 

6.5 

32.0 

53.8 

1.9 

608 

18 

1.6 

0.5 

4.0 

6.1 

30.8 

56.3 

0.7 

607 

19 

1.3 

0.7 

3.4 

6.4 

32.8 

53.0 

2.4 

593 

20 

1.3 

0.4 

3.3 

6.5 

31.3 

52.4 

4.8 

586 
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The  By-Product  Coke  Oven. 

It  seems  to  me,  while  I  have  already  a  perhaps  too  lengthy 
paper,  that  the  subject  of  "Carbonization  in  Bulk"  would  not 
be  complete  without  some  reference  to  the  by-product  coke 
oven  as  a  source  of  gas  supply,  and  giving  you  a  short  sum- 
mary of  the  essential  features  of  that  process. 

The  production  of  by-product  coke  is  constantly  increasing, 
and  while  in  general  it  may  be  said  that  the  gas  resulting  from 
the  making  of  coke  in  this  way  is  being  used  in  iron  and  sted 
industries,  still  there  is  an  increasing  amount  being  sold  to 
gas  companies  for  distribution. 

Government  reports  give  the  following  as  the  amount  of 
coke  made  in  this  country  since  1893  with  certain  years 
omitted : 

Production  op  Coke. 

Year 
1893 
190I 
1907 
1908 
1909 
I910 
I911 
1912 

1913 
'  Approximate. 

It  will  thus  be  seen  that  while  the  total  amount  of  coke  made 
has  increased  from  40,779,000  in  1907  to  47,100,000  in  1913 
— or  about  15  per  cent. — The  amount  of  by-product  coke  has 
increased  from  5,608,000  to  12,714,700  tons,  an  increase  of 
126  per  cent. 

Some  idea  of  the  amount  of  gas  which  would  be  available, 
were  the  whole  amount  of  beehive  coke  to  be  made  in  modem 
by-product  coke  ovens,  may  be  secured  by  assuming  the  pro- 
duction of  8,500  feet  of  surplus  gas  per  net  ton  of  coke.  This 
would  amount  to  292,000,000,000  cu.  ft.  per  year  or  800,000,000 
cu.  ft.  per  day. 

There  is  no  question  but  what  every  steel  plant  in  the  United 


By-product  coke 

Beehive  coke 

ToUU 

12,850 

9,464,730 

9.477.580 

1,179.900 

20,615,983 

21.795,883 

5,607,899 

35.171,665 

40,779.564 

4,201,226 

21.832,292 

26,033,518 

6,254.644 

33,060,421 

39.315,065 

7,138.734 

34.570.076 

41,708,810 

7,847,845 

22,703,644 

35,551.489 

11,048,489 

32,868,345 

43.916,834 

12,714,700 

34.385,300 

47,100,000* 
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States  is  practically  convinced,  that  the  operation  of  a  by-pro- 
duct coke  plant  means  a  large  economy  in  their  operation  and 
that  the  future  will  see  large  developments  in  this  line.  On 
account  of  this  feature,  the  gas  man  will  be  called  upon  to 
take  notice  of  the  matter.  While  such  gas  can  be  used  to 
great  advantage  in  steel  plants,  it  rarely  happens  that  the  value 
of  the  gas  in  the  plant  can  be  reckoned  at  much  over  8  cents. 
For  this  reason,  gas  companies  in  the  vicinity  of  such  plants 
will  be  expected  to  take  advantage  of  the  condition,  as  the 
sale  at  higher  prices  will  prove  of  mutual  advantage  both  to 
the  steel  company  and  the  gas  company. 

With  the  increasing  cost  of  anthracite  coal  and  the  proba- 
bility of  the  competition  of  coke  of  such  a  quality  in  this 
market,  it  is  also  probable  that  the  future  will  see  large  plants 
erected  for  making  domestic  fuel  in  the  great  centers  of  popu- 
lation, and  some  disposal  must  be  made  of  the  gas.  For  these 
reasons,  the  subject  will  not  be  without  interest. 

By-product  coke  of  excellent  quality  can  be  made  from 
coals  of  varying  characteristics  and  in  the  plants  now  in 
operation ;  all  classes  of  Eastern  coals  are  used  from  the  lean 
coals  of  the  Pocahontas  district  to  the  rich  coals  of  the  Pitts- 
burgh area.  Operators  for  the  most  part  use  a  mixture  of  the 
two,  operating  on  from  80  to  20  per  cent,  of  the  high  volatile, 
but  recently  one  of  the  important  plants  of  the  Steel  Corpor- 
ation was  placed  on  straight  high  volatile  coal. 

Since  the  object  of  coke  plants  is  to  make  coke  with  certain 
characteristics,  it  is  customary  in  the  average  by-product  plant 
to  make  this  feature  paramount.  The  amount  and  quality 
of  the  resulting  gas  and  the  amount  of  by-products  are  thus 
of  secondary  importance.  I  do  not  mean  that  there  is  no 
appreciation  of  the  value  of  these  products  and  that  their  sav- 
ing is  not  watched  with  the  most  minute  attention,  but  coke 
capacity  and  coke  quality  come  first. 

For  this  reason,  the  coking  time  is  lowered  as  far  as  possible 
in  order  to  get  as  much  coke  from  the  plant  investment  as 
possible,  despite  the  fact  that  the  yield  of  tar  and  ammonia 
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fall  oflf  per  ton,  tremendously.  Some  times  we  feel  that  this 
is  carried  to  excess,  and  it  woxild  pay  to  construct  more  ovens, 
run  them  on  higher  coking  time  and  increase  the  return  per 
ton  of  coal. 

The  gas  is  recovered  in  two  systems :  ist — Without  separa- 
tion; 2nd — IVith  Separation. 

With  Separation. 

Since  the  quality  of  the  gas  varies  with  the  period  of  the 
carbonization,  it  follows  that  by  separating  the  gas  from  the 
early  hours  of  the  charge,  from  that  coming  off  later,  a  gas  of 
high  calorific  value  may  be  obtained.  For  this  reason  it  b 
necessary  to  have  two  mains  on  the  battery  and  transfer  the 
oven  takeoff  from  one  to  the  other,  as  is  required  to  furnish 
enough  of  the  low  calorific  gas  to  operate  the  battery.  This 
involves  extra  investment  in  extra  mains  and  in  separate  by- 
product recovery  apparatus,  and  is  not  done  unless  the  gas 
is  needed  for  some  purpose  as  for  urban  use  where  a  high 
calorific  intensity  makes  the  investment  worth  while. 
Without  Separation, 

When  no  high  calorific  value  is  required  as  in  steel  plant  use, 
it  is  not  customary  to  separate  the  gas.  All  the  gas  is  taken 
off  in  a  hoitiogeneously  lower  calorific  condition,  treated  for 
by-product  recovery  together,  and  what  is  needed  is  returned 
to  the  battery. 

To  come  down  to  practical  operation,  which  I  believe  will 
prove  of  the  greatest  interest,  let  us  consider  the  operation  of 
a  plant  on  a  mixture  of  65  per  cent.  Pittsburgh  and  35  per  cent 
Pocahontas,  with  and  without  gas  separation : 
Analysis  of  Coals. 

Pittsburgh  Pocahontas 

Volatile  matter 34-0^  18.26 

Fixed  carbon 59*92  76.00 

Ash 6.02  5.74 

The  **V85  mixture  would,  therefore,  show  on  analysis: 

Volatile  matter 28.53 

Fixed  carbon 65.55 

Ash 5.92 
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If  we  consider  a  13^  ton  oven  operating  on  18  hours  coking 
time,  we  would  expect  to  get  from  each  ton  of  this  mixture : 

B.  t.  u.  's.  B.  t.  u.  's. 

2,000  X  3,000 6,000,000 

Tar 7  gallons 

Pounds 

Sulphate  of  ammonia 22 

1,480  pounds  total  coke    1,380  coke 

100  breeze 

There  would  be  used  in  the  carbonization  per  net  ton 
2,4CX^,ooo  B.  t.  u/s,  leaving  3,600,000  in  surplus  gas. 

If  we  took  the  gas  off  without  gas  separation  and  secured 
10,800  cu.  ft.  per  ton,  we  would  have  an  average  calorific  value 

of  555  B.  t.  u.'s.    Of  this  we  would  use  — — ■ 4i320  ft. 

on  the  ovens  per  ton — leaving  as  surplus  gas  6480  ft.  of  555 
B.  t.  u.  gas. 

Should  we  use  gas  separation,  we  would  secure  5,700  ft. 
of  632  B.  t.  u.  gas  as  surplus  using  S,ioo  ft.  of  471  B.  t.  u.  gas 
under  the  ovens. 

Should  it  be  desirable  to  remove  the  benzol  from  the  gas, 
we  would  expect  to  recover  from  all  the  gas  2.2  gallons  per  net 
ton,  under  which  conditions  we  would  have  as  products  the 
following : 

10,800  ft.  of  total  gas  of  555  B.  t.  u.'s  =  6,000,000. 
2.2  gallons  of  benbol  having  a  heating  value  of  2.2  X 
(0.8846  X  8.3)  X  18477  =  297,920  B.  t.  u.'s. 
We  would,  therefore,  have  remaining  after  the  benzol  was 
deducted : 

6,000,000 —  297,920  =  5,702,080  B.  t.  u. 
The  volume  of  the  benzol  removed  would  be 
Net  per  G.  cu.  ft.  per  lb. 
2.2  X  7.34  X  4845  =  78.23  cu.  ft. 
The  value  of  the  gas  remaining  would,  therefore,  be 

^|g^  =  53.B.,.„..sperc«.f.. 
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Carbonization  would,  therefore,  require 

2,400,000  -^ 

— - — ' =^  4,510  cu.  ft. 

532 

Leaving  as  surplus 

10,722  —  4,510  =  6.212  cu.  ft.  of  532  B.  t.  u.  gas. 

Benzoi.  Recovery  With  Gas  Separation. 

If  we  asstune  that  2.2  gallons  of  benzol  are  recovered  per 
net  ton,  of  which  1.5  gallons  are  recovered  from  the  rich  gas 
and  0.7  gallon  from  the  lean  gas,  we  find  as  follows : 
Lean  gas  — -  5.100  cu.  ft.  of  471  B.  t.  u. 
2,400,000  B.  t.  u.'s 
0.7  gallon  equals  04,794  B.  t.  u.'s 
2,400,000  —  94.794  =^  2,305.208 

2^^^:^  =  425  B.  t.  u.'s. 
5,100 

We  are,  however,  short  94,754  B.  t.  u.*s  of  having  enough 
heat. 

Assuming  600  B.  t.  u.*s.  as  the  value  of  the  debenzolized 
rich  gas,  we  find  that  we  must  add 

?^^A  approx.  =^  160  cu.  ft. 

So  that  we  would  have  as  lean  gas: — 

'';SEtoSaS}-5.26ocu.ft.of456B.t.u.-s. 

This  leaves  as  rich  gas 

10,800  —  4,260  cu.  ft.  =  5,540  cu.  ft. 
Since  the  rich  gas  contained  3,600,000  B.   t.  u.'s.    and   we 
have  removed  1.5  X  7.3  X  18,447  B.  t.  u.*s  as  benzol  == 
201,995  B.  t.  u.*s. 
Leaving  in  5,544  cu.  ft.— (i.5X7-3X4-885)       5.487  cu.  ft. 

3,600,000-201,995  ^  6      B   ,   „  ,3 
5.487 

To  Summarise. 
On  a  Koppers  13J4  ton  coke  oven,  operating  on  a  mixture 
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of  65  per  cent.  Pittsburgh  and  35  per  cent.  Pocahontas  on  18 
liours'  coking  time,  we  would  expect  to  get  from  each  net  ton : 
1,360  lbs.  of  furnace,  foundry  and  domestic  coke. 
100  lbs.  of  breeze. 
7  gals,  of  tar. 

22  lbs.  of  ammonium  sulphate. 
Without  gas  separation  =  6,480  cu.  ft.  of  555  B.  t.  u.  gas 
With  gas  separation     =  5,700   **    **    **  632  B.  t.  u.  gas 
Without  gas  separation  but  with  a  benzol  plant  —  2.2  gal- 
lons benzol  6,200  cu.  ft.  of  532  B.  t.  u.  gas 
With  gas  separation  and  a  benzol  plant  —  2.2  gallons 

benzol  5,450  cu.  ft.  of  619  B.  t.  u.  gas. 
It  will,  therefore,  be  clear  to  you  that  there  is  a  marked 
diflference  in  the  amount  of  coke  and  gas  received  net  on  a 
coke  oven  plant  and  on  a  gas  oven. 

On  a  gas  oven  on  straight  American  gas  coal,  we  would 
expect  to  get: 

1,140  lbs.  coke  and  1 1,000  cu.  ft.  of  gas  or 
1,000  ft.  of  gas  for  each  103  lbs.  of  coke. 
On  the  coke  oven,  we  would  get  with  gas  separation  and 
using  such  a  coal  mixture  =  5,700  ft.  of  gas  and  1,360  lbs.  of 
coke  or  238  lbs.  coke  per  M.  ft.  of  gas. 

The  Koppers  Company  has  built  and  put  into  operation 
since  the  last  meeting  of  the  Institute,  3  plants : 

Inland    Steel    Company,    Indiana    Harbor,    Ind. — 66 

i3/4"ton  ovens. 
Republic  Iron  &  Steel  Company,  Youngstown,  Ohio— 

68  i3j4-ton  ovens. 
Maryland  Steel  Company,  Sparrows  Point,  Md. — 120 
i3/4-ton  ovens. 
In  the  first  two  plants,  the  gas  is  all  being  used  in  the  steel 
processes.    In  the  third  plant,  only  half  of  which  has  been  put 
into  operation,  the  surplus  gas  is  being  delivered  to  the  Balti- 
more Gas  Company.    This  plant  is  of  further  interest  to  gas 
engineers  inasmuch  as  the  benzol  is  being  removed  from  the 
lean  gas  and  put  into  the  rich  gas  to  increase  its  candle-power. 
38 
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It  is  too  soon  to  attempt  to  give  results  on  this  plant  other 
than  to  say  that  it  is  working  in  a  most  sais  factory  manner. 

Combination  Gas  and  Coke  Plants. 

A  type  of  plant  which  has  been  built  by  the  H.  Koppers 
Company  in  Germany,  and  which  will  prove  of  interest,  is  the 
combination  plant.  This  is  so  arranged  that  the  plant  may 
be  run  with  producer  gas  from  the  central  plant,  or  by  coke 
oven  gas.  Any  oven  may  be  changed  over  from  one  to  the 
other  at  a  moment's  notice.  Under  such  a  condition,  the 
amount  of  coke  made  is  a  constant,  while  the  amount  of  coal 
gas  made,  has  a  possible  variation  of  almost  lOO  per  cent. 
This  type  of  plant  has  the  flexibility  usually  associated  with  a 
water  gas  plant  and  should  make  a  wide  appeal  under  certain 
conditions. 

Such  is  the  status  of  carbonization  in  bulk.  It  is  my  hope 
before  many  meetings  of  this  Institute  have  taken  place,  that 
America  may  see  a  gas  oven  plant  of  this  t)rpe  with  producer 
operated  from  a  central  plant,  carbonizing  American  coals. 

In  closing,  I  wish  to  express  my  appreciation  of  the  assist- 
ance given  by  Mr.  Joseph  Becker,  Superintendent  of  Opera- 
tion, H.  Koppers  Company,  in  the  preparation  of  this  paper. 

APPENDIX. 

Formation  and  Decomposition  of  Ammonia  During 
Coal  Distillation. 

(Reviewed  from  Stahl  und  Eisen  Nos.  28  and  29,  1914- ) 
Prof.  Oskar  Simmersbach  recently  made  some  very  inter- 
esting and  instructive  laboratory  experiments  to  study  the 
phenomena  of  formation  of  ammonia  and  cyanogen  during 
the  distillation  of  coal  and  of  decomposition  of  ammonia  in 
the  presence  of  incandescent  coke. 

To  carry  out  the  experiments  relative  to  the  distribution  of 
nitrogen  during  coal  carbonization,  special  elaborate  apparatus 
was  necessary  for  the  simultaneous,  quantitative  determina- 
tion of  coke,  tar,  ammonia  and  cyanogen.    Distillation  of  the 
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coal  samples  was  performed  in  a  glazed  porcelain  tube  by 
means  of  an  electric  furnace.  The  temperature  could  be 
regulated  and  was  recorded  by  means  of  a  registering  pyro- 
meter. The  apparatus  required  for  making  the  required 
measurements  and  determinations  as  well  as  the  test  methods 
employed  are  fully  described  and  illustrated  in  Stahl  und 
Eisen  Nos.  28  and  29,  1914. 

The  results  of  Simmersbach's  tests  relative  to  the  distribu- 
tion of  nitrogen  are  shown  in  Table  I. 

TABLE  I.— Distribution  of  Nitrogen. 

Nitrogen  content  of  drip  coal  free  of  ash  =  100  per  cent. 

(A)  Upper  Silesia  coal  of  6.63  per  cent,  ash  and  1.396  per  cent,  nitrogen 

(referred  to  dry  coal  free  of  ash)  =  100  per  cent. 


Temperature 

As 

As 

InUr. 

As  free  nitro- 

In ooke. 

ammonia. 

cyanogen. 

Per 

gen  in  gafi. 

Per 

°C. 

°F. 

Per  cent. 

Per  cent. 

cent. 

Per  cent. 

cent. 

(a)  Size  of  grain  2  to 

2^  mm 

600 

1,112 

7.81 

0.25 

2.12 

18.13 

71.69 

700 

1,292 

18.13 

0.66 

3.65 

12.13 

65.43 

800 

^472 

21.28 

0.87 

3.47 

10.73 

63.65 

850 

1,562 

23.68 

I. II 

3.72 

10.37 

61.12 

900 

1,652 

24.12 

1. 19 

4.15 

12.14 

58.40 

1,000 

1,832 

23.15 

1.23 

4.11 

21.53 

49.98 

1,100 

2,012 

23.09 

I.31 

3.70 

30.51 

41.39 

1,200 

2,192 

22.84 

1.42 

4.21 

45.10 

26.43 

(b)  Size  of  grain  6  to  10  mm. 

850 

1,562 

23.75 

I. II 

352 

15.67 

55.95 

900 

1.652 

24.19 

1.23 

3.47 

16.81 

54.30 

1,000 

1,832 

22.69 

1.26 

3.39 

23.79 

48.87 

(B)  Westphalia  coal  of  5.77  per  cent,  ash  and   1.391   per  cent,  nitrogen 

(referred  to  dry  coal  free  of  ash)  =  100  per  cent. 

Size  of  grain  2  to  2)^  mm. 

19.46  0.76  1.92 

22.14  1. 10  1.77 

19.94  I. II  1.61 

19.61  1.25  1.67 

(C)  Lower  Silesia  coal  of  6.21  per  cent,  ash  and  0.965  per  cent,  nitrogen 

(referred  to  coal  free  of  ash)  =  100  per  cent. 

Size  of  grain  2  to  2/<^  mm. 

850  1,562  24.74  1.49  2.63  5.56  66.58 

900  1,652  26.95  1. 61  2.73  5.04  63.67 

1,000  1,832  25.49  1.87  2.60  15.71  54.33 


800 

1,472 

850 

1,562 

900 

1,652 

I,0UO 

1.832 

5.88 

71.98 

4.93 

70.06 

9.99 

67.35 

JI.54 

55.73 
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The  maximum  yield  of  ammonia  of  Upper  Silesia  coal  oc- 
curred at  900°  C.  (1,652''  F.).  The  size  of  grain  of  the  coal 
had  no  influence  either  on  the  temperature  at  which  the  max- 
imum yield  occurred  or  upon  the  yield  itself.  At  a  still  higher 
temperature,  the  coarse  grain  seems  to  hasten  the  decomposi- 
tion of  ammonia.  At  1,000*^  C.  (1,832°  F.)  a  greater  reduc- 
tion in  ammonia  yield  takes  place. 

The  cyanogen  content  increases  with  increasing  tempera- 
ture and  its  maximvun  is  apparently  not  reached  at  1,200°  C. 
(2,192°  F.).  Coarse  grain  coal  shows  a  small  increase  in 
cyanogen  constant  over  fine  grain  coal  at  temperatures  of 
9CK)°  and  1,000°  C,  whereas  no  difference  could  be  observed 
at  850°  C.  (1,562°  F.). 

While  the  figures  pertaining  to  nitrogen  in  tar  vary  some- 
what on  account  of  variation  in  decomposition  of  tar  as  well 
as  owing  to  the  difficulty  of  complete  tar  recovery,  the  max- 
imum amount  is  unquestionably  near  4  per  cent,  of  the  total 
nitrogen  with  fine  grain  coal,  while  the  tar  from  coarse  grain 
coal  contains  only  3.5  per  cent,  of  the  total  nitrogen.  Fine 
coal  retains  more  nitrogen  in  the  coke  with  less  nitrogen  en- 
tering the  gas  in  elementary  form  up  to  900°  C.  than  coarse 
grain  coal;  at  1,000°  C.  these  values  approach  each  other 
more. 

The  nitrogen  contents  of  the  cokes  from  coarse  grain  coal 
referred  to  dry  coke  free  of  ash  are  considerably  lower  than 
those  from  fine  coal. 

As  shown  in  Table  II,  the  gas  yield  by  volume  from 
coarse  coal  is  somewhat  smaller  than  that  of  fine  coal,  while 
no  material  difference  exists  in  quality  even  at  900°  and 
1,000°  C.  At  lower  temperature,  however,  (850°  C.)  the 
gas  from  coarse  coal  seems  to  contain  more  methane  and  heavy 
hydrocarbons. 

With  Westphalia  coal,  the  maximum  ammonia  yield  occurs 
at  850°  C.  (1,562*^  F.)  L  e.,  at  a  lower  temperature  than  with 
Upper  Silesia  coal.  Here  too,  the  cyanogen  content  increases 
with  increasing  temperature.     The  gas  yield  is  much  higher 
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and  there  is  considerable  difference  in  chemical  composition 
compared  with  Upper  Silesia  coal.  Carbon  monoxide  and 
heavy  hydrocarbons  are  much  lower,  while  hydrogen  is  con- 
siderably higher. 

Since  the  carbon  deposited  during  decomposition  of 
methane  is  hard  and  silvery,  in  counter-distinction  to  the  car- 
bon deposited  by  ethane,  ethylene  and  acetylene  which  is  soft 
and  dull,  the  greater  decomposition  of  methane  with  West- 
phalia coal  explains  the  better  appearance  of  Westphalia  coke. 

As  shown  by  Mayer  and  Altmayer,  the  maximum  yield 
from  Saar  coal  occurs  at  800°  C.  (1,472^  F.)  or  at  still  lower 
temperature  than  with  Westphalia  coal.  These  two  investi- 
gators found  moreover  that  cyanogen  is  formed  only  by  the 
decomposition  of  ammonia  when  passing  over  incandescent 
coke. 

In  the  experiments  relative  to  the  decomposition  of  am- 
monia, a  continuous  stream  of  pure,  dry  ammonia  vapors  was 
passed  through  a  glazed  porcelain  tube  partly  filled  with  coke 
which  could  be  heated  to  any  desired  temperature  in  an  elec- 
tric furnace.  The  gases  of  decomposition  of  ammonia  were 
absorbed,  the  ammonia  in  dilute  sulphuric  acid  and  the  cyan- 
ogen in  potassium  hydrate  and  ferro-sulphate  solution.  The 
coke  used  in  these  experiments  had  an  apparent  specific  grav- 
ity of  0.93  and  contained  8.32  per  cent,  of  ash  and  0.96  per 
cent,  of  sulphur.  The  coke  was  heated  in  the  porcelain  tube 
for  about  two  hours  at  1,200°  C.  to  drive  off  all  contained 
gases  before  the  actual  experiment  was  b^;un.  A  registerii^ 
pyrometer  showed  the  temperature  in  the  electric  furnace. 
As  soon  as  a  constant  pressure  was  reached,  the  ammonia 
vapors  were  passed  over  the  hot  coke  at  atmospheric  pres- 
sure for  a  certain  period  of  time.  Immediately  after  the  test 
and  after  pressure,  temperature,  barometric  and  volumetric 
readings  had  been  taken,  the  gases  were  analyzed  according 
to  Hempel. 

The  results  of  these  tests  are  shown  in  the  following  table: 
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The  four  experiments  at  700®  C.  show  distinctly  tiie  in- 
fluence of  time  of  contact  between  ammonia  vapors  and  coke. 
The  first  test  during  which  the  time  of  contact  was  short  shows 
considerably  less  ammonia  decomposed  than  the  second  and 
third  tests  of  2>$  times  and  5  times  the  duration  of  contact. 

Simultaneously  less  cyanogen  was  formed  during  tests  No. 
I  and  No.  2  than  during  test  No.  3 ;  the  formation  of  cyznog^ 
thus  apparently  requires  some  time.  Moreover,  the  gas  must 
be  dry  as  shown  by  test  No.  4  when  the  drying  of  ammonia 
failed,  since  not  even  half  of  the  quantity  of  cyanogen  of  test 
No.  3  was  formed  although  the  time  of  contact  was  about  the 
same. 

Test  No.  4  shows  plainly  the  great  protective  influence  of 
water  vapors  although  but  little  steam  was  present  There 
was  even  less  ammonia  decomposed  than  in  test  No.  2,  al- 
though the  latter  shows  double  the  gas  velocity. 

The  two  tests  at  750°  C.  bear  out  the  contention  that  the 
formation  of  cyanogen  requires  a  certain  time.  During  test 
No.  6  much  less  ammonia  was  used  and  decomposed  than 
during  Test  No.  5  and  yet  more  cyanogen  was  formed  simply 
because  of  the  longer  time  of  contact.  During  Test  No.  6 
when  the  time  of  contact  was  half  again  as  long  as  during 
test  No.  5,  over  one  third,  14.89  per  cent,  more  ammonia  was 
decomposed;  this  again  proves  the  protective  influence  of 
higher  gas  velocity.  On  the  strength  of  these  results,  Sim- 
mersbach  reaches  the  following  conclusions: 

(i)  The  formation  of  ammonia  occurs  in.  the  main  at  a 
temperature  at  which  the  coking  of  coal  is  already  terminated. 

(2)  The  formation  of  ammonia  does  not  attain  its  max- 
imum at  one  and  the  same  temperature  for  all  coals. 

(3)  This  temperature  depends  upon  the  nature  of  the  nit- 
rogen compounds  in  the  coal  and  varies  from  800  to  900**  C 

(4)  Decomposition  of  ammonia  which  with  concentrated 
ammonia  occurs  essentially  at  750°  C.  and  nearly  completely 
at  800''  C.  is,  owing  to  the  attendant  dilution,  not  in  evidence 
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during  the  gasification  of  coal  until  9CX)^  C.  is  reached,  and 
it  increases  with  increasing  temperature. 

(5)  The  formation  of  cyanogen  increases  with  the  quan- 
tity of  ammonia  and  with  increasing  temperature  although 
ammonia  in  concentrated  form  has  an  unfavorable  influence 
upon  the  formation  of  cyanogen  with  increasing  temperature 
above  900*"  C. 

(6)  The  quantity  of  cyanogen  formed  during  coal  carbon- 
ization amounts  to  about  1.2  per  cent,  of  the  total  nitrogen 
and  to  about  5  per  cent,  of  the  ammonia. 

(7)  Water  vapors  are  detrimental  to  the  formation  of 
cyanogen,  but  favorable  to  the  ammonia  yield. 

(8)  Higher  gas  velocity  checks  the  decomposition  of  am- 
monia and  favors  the  formation  of  cyanogen. 

(9)  The  size  of  grain  of  the  coal  has  no  influence  either 
on  the  temperature  of  maximum  ammonia  or  upon  the  yield 
itself. 

(Mr.  Ramsburg  read  an  abstract  of  his  paper  and 
illustrated  certain  features  by  lantern  slides.) 

(Mr.  H.  L.  Underbill  (New  York)  in  the  Chair.) 

The  Acting  Chairman  :  A  vote  of  thanks  is  due  to  Mr. 
Ramsburg  for  his  very  interesting  paper  and  slides. 

(A  motion  to  that  effect  was  made,  seconded  and  carried.) 

The  Chairman:    The  discussion  is  open  on  this  paper. 

Mr.  a.  B.  Way  (Everett,  Mass.)  :  I  want  to  ask  if  the 
saving  in  labor  cost  by  doing  all  the  charging  and  pushing 
during  the  daylight  hours  does  not  result  in  difficulties  due  to 
wide  variations  in  the  quantity  and  quality  of  the  gas  produced  ? 

There  is  a  gradual  falling  off  in  calorific  value  and  candle- 
power  of  the  gas  during  the  coking  period,  starting  almost  at 
the  beginning  of  the  distillation.  This  is  shown  by  the  author 
on  page  585,  where  analyses  of  the  gas  during  successive  5-hour 
periods  are  given. 

In  other  words,  it  is  quite  evident,  that  in  that  half  of 
the  24  hours  when  no  fresh  coal  is  being  charged,  the  gas 
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produced  must  steadily  fall  off  from  the  average  or  standard, 
both  in  quantity  and  in  quality. 

In  some  of  the  analyses  of  gas  given  by  the  author,  the  ex- 
tremely low  nitrogen  content  together  with  the  comparatively 
high  oxygen  appear  to  be  irreconcilable.  For  instance,  many 
of  those  at  the  bottom  of  page  587  are  shown  to  contain  much 
less  nitrogen  than  is  necessary  to  satisfy  the  amount  of  oxygen 
present  if  the  latter  be  calculated  to  air. 

One  would  not  expect  as  much  as  0.8  or  0.9  per  cent,  oxygen 
in  the  gas  from  the  coal  itself.  Will  the  author  state  whether 
there  is  the  possibility  of  an  error  in  the  oxygen  determin- 
ation ? 

A  number  of  years  ago,  during  some  experimental  work  on 
purification,  the  question  of  high  oxygen  and  low  nitrogen 
engaged  my  attention.  I  had  cautioned  the  chemists  to  work 
with  the  strictest  care  in  making  the  analyses,  yet  results 
showed  that  with  low  oxygen,  there  would  be  high  illuminants, 
and  with  high  oxygen,  low  illuminants,  and  it  seemed  that  the 
accuracy  of  our  results  was  in  inverse  ratio  to  the  amount  of 
care  exercised.  The  apparatus  used  was  a  Hempel  with 
bromine  water  for  the  absorption  of  the  illuminants  and  stick 
phosphorus  for  the  oxygen. 

After  puzzling  over  the  problem  for  some  time,  a  simple 
experiment  disclosed  the  difficulty.  After  absorbing  the  il- 
luminants and  oxygen  from  a  sample  of  gas,  I  ran  the  latter 
back  into  the  bromine  pipette  and  removed  the  bromine  fumes 
as  usual  in  a  caustic  soda  pipette,  with  the  exception  that  I 
shook  this  caustic  soda  pipette  more  vigorously  than  usual. 
An  increase  in  volume  was  the  immediate  result,  and  on 
running  the  gas  again  into  the  phosphorus  pipette,  oxygen 
was  absorbed,  equal  in  volume  to  that  increase.  The  explan- 
ation was  simple.  In  using  the  same  caustic  soda  pipette 
several  times  for  the  absorption  of  bromine  fumes,  sodium 
hypobromide  had  been  formed,  and  as  this  is  not  a  very  stable 
compound,  but  will  give  up  oxygen  on  shaking,  we  had  been 
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getting  results  which  were  farther  from  the  truth,  the  more 
careful  we  were  to  shake  well. 

It  seems  to  me,  in  view  of  this  explanation  of  high  oxygen 
in  our  results,  that  analyses  made  on  the  Barnhard  apparatus 
might  show  even  greater  errors  in  the  oxygen  determination, 
because  here  the  gas  is  bubbled  through  the  solution  which 
would  have  the  effect  of  liberating  more  oxygen  than  vigorous 
shaking.  Of  course,  an  error  in  the  oxygen  on  this  account  is 
accompanied  by  a  corresponding  error  in  the  illuminants. 

Let  us  take  one  of  these  analyses  and  see  if  this  might  not 
have  been  so :  In  the  first  analysis  shown  on  page  587,  if  we 
calculate  back  from  the  B.  t.  u.  per  cubic  foot,  the  calorific 
value  of  the  illuminants,  we  find  that  it  amounts  to  nearly  2,600 
B.  t.  u.  per  cubic  foot ;  rather  a  high  figure  I  should  say  for 
the  illuminants  in  coal  gas.  Now  suppose  oxygen  equal  to  i 
per  cent,  of  the  gas  had  been  taken  up  from  the  caustic  soda 
pipette,  this  would  mean  that  the  percentage  of  illuminants 
shown  are  i  per  cent,  too  low.  Calculating  their  calorific 
value  on  this  basis,  we  have  about  2,100  B.  t.  u.  per  cubic  foot — 
quite  a  reasonable  figure. 

I  do  not  pretend  to  say  that  there  is  an  error  here  of  exactly 
I  per  cent.,  but  it  seems  quite  probable  that  the  percentage  of 
oxygen  is  too  high,  and  that  of  the  illuminants,  too  low. 

Since  writing  this,  my  memory  has  been  jogged  concerning 
the  operation  at  Sparrow's  Point  plant  of  the  Bamhardt  ap- 
paratus for  gas  analysis.  The  same  caustic  soda  pipette  is 
used  for  taking  out  the  carbonic  acid  as  is  used  for  taking  out 
the  bromine  fumes,  so  if  this  pipette  will  give  up  oxygen,  it 
gives  it  up  on  the  determination  of  carbonic  acid,  which  makes 
that  result  too  low ;  it  is  only  a  little  perhaps,  but  another 'slight 
increase  upon  the  extraction  of  the  illuminants,  makes  that  one 
too  low.  We  do  not  suppose  that  all  the  oxygen  that  is  going 
to  be  given  up  would  be  giveti  up  by  one  application ;  so  that 
when  you  come  to  the  determination  of  oxygen,  you  have 
actually  doubled  the  chance  of  error  from  this  source,  if  there 
be  such  a  chance  of  error.     Furthermore,  if  you  use  that  same 
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pipette  for  absorption  of  carbonic  acid  after  the  explosion, 
the  percentage  of  carbonic  acid  thus  determined,  that  is  to 
say,  the  number  of  cubic  centimeters  measured  will  be  low, 
and  the  calculation  of  the  marsh  gas  and  hydrogen  and  de- 
termination of  the  nitrogen  by  difference,  will  give  you  a 
slightly  lower  nitrogen.  Because  the  relation  is  two  to  one 
and  one-half,  where  you  multiply  your  carbonic  acid  by  two 
for  your  marsh  gas,  and  then  the  hydrogen  is  two-thirds  of 
the  difference  between  the  contraction  and  twice  your  marsh 
gas ;  so  that  an  error  may  creep  in  there  from  that  same  source. 

There  is  one  more  point  on  which  I  would  like  some  in- 
formation. If  I  have  been  rightly  informed,  the  Koppers 
Company  has  committed  itself  to  the  use  of  coal  much  coarser 
than  that  first  used  in  their  ovens  in  this  country.  It  must 
be  admitted  that  the  coke  is  benefited  by  fine  crushing  of  the 
coal,  especially  in  that  pieces  of  slate  are  broken  up  also,  and 
so  have  less  tendency  to  cause  cross  fracture. 

Mr.  Ramsburg  quotes  Simmersbach  in  showing  that  as  re- 
gards the  ammonia  yield,  "The  size  of  the  grain  of  coal  has  no 
influence  either  on  the  temperature  at  which  the  maximum 
yield  occurs  or  upon  the  yield  itself.  Though  at  a  higher 
temperature,  the  coarser  grain  seems  to  hasten  the  decora- 
position."  Also  that  "the  gas  yield  by  volume  from  coarse 
coal  is  somewhat  smaller  than  that  of  fine  coal  while  no  ma- 
terial difference  exists  in  quality  even  at  900  or  1,000°  C." 

As  to  the  amount  of  gas  that  passes  through  the  hot  coke 
and  along  the  walls,  one  might  expect  that  the  percentage 
would  be  greater  with  fine  coal,  because  the  semi-plastic  dia- 
phragm might,  with  coarse  coal,  contain  holes  through  which 
gas  may  pass  to  the  core,  but  apparently  this  should  make  no 
difference,  for  according  to  the  author's  conclusion  No.  7  on 
page  572,  "All  heated  Vvralls  are  in  contact  with  conducting 
material,  on  which  and  through  which  the  heat  is  being  used, 
thus  reducing  the  temperature  below  the  point  of  injury  to  the 
gas."  Has  Mr.  Ramsburg's  experience  uniformly  confirmed 
this  conclusion,  or  has  he  encountered  one  or  more  exceptions 
to  the  rule? 
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Mr.  Ramsburg:  I  should  like  to  answer  the  questions  as 
they  are  asked,  simply  so  they  be  not  forgotten.  In  regard  to 
the  question  of  variation  of  calorific  value  in  quality  with 
24-hour  charges,  I  have  here  a  curve  which  shows  the  cal- 
orific intensity  of  the  gas  made  by  the  plant  at  Vienna,  showing 
variations  from  500  to  830  B.  t.  u.  when  ten  chambers  were 
charged  between  7  and  11  in  the  morning,  and  ten  between  1 
and  4  in  the  afternoon.  I  doubt  very  much  if  24-hour  charges, 
conducted  only  in  the  day  time,  would  be  acceptable  to  Ameri- 
can conditions.  If  there  were  a  large  holder  used  in  con- 
nection with  it,  the  variation  would  not  be  small  coming  out 
of  that  holder,  but  I  personally  am  not  advocating  very  strongly 
the  building  of  plants  for  24-hour  carbonization.  In  the  first 
place,  it  will  only  be  under  very  extraordinary  conditions  that 
it  would  pay  to  run  on  24-Hours  in  this  country,  inasmuch  as 
the  use  of  silica  material  allows  from  16  to  20  hours  carboni- 
zation with  less  expense  than  if  you  run  on  24  hours  coking 
time  and  save  in  labor.  In  regard  to  these  analyses  made  at 
Sparrows'  Point  on  the  Bamhard  apparatus,  I  am  very  much 
interested  in  what  Mr.  Way  has  to  say  about  the  ability  of  the 
carbonic  acid  pipette  to  give  off  oxygen.  Those  of  us  who 
have  had  experience  in  analyzing  the  gas  coming  out  of  the 
top  of  a  superheater  on  a  water  gas  machine,  and  finding 
2.3  per  cent,  oxygen  in  it,  if  that  oxygen  has  been  put  in 
by  the  carbonic  acid  pipette,  why  it  is  time  some  of  us 
were  finding  it  out.  I  am  not  at  all  sure  that  this  explains 
anything  in  this  instance,  because  as  I  recall  it,  at  that 
time,  g^eat  care  was  taken  to  change  these  solutions  very  fre- 
quently. In  the  Barnhard  apparatus  there  is  no  shaking  of 
the  carbonic  acid  pipette,  but  the  gas  bubbles  through  the 
caustic  and  the  sodium  hypobromide,  so  that  it  may  be  possible 
that  has  the  same  effect  as  the  shaking  spoken  about  by  Mr. 
Way.  I  can  only  say  these  are  analyses  taken  by  a  man  who 
has  probably  had  as  much  experience  in  this  country  as  any 
man  in  making  analyses.  They  were  made  with  great  care, 
and  I  reported  them  as  he  took  them.     The  explanation  must 
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come  afterwards,  because  while  they  do  not  check  up  in  some 
instances,  so  far  as  I  am  concerned,  I  think  the  analyses  are 
correct.  The  explanation  must  come  on  the  case.  For  the 
analyses  taken  at  Baltimore,  I  am  indd>ted  to  Mr.  Beadenkopf. 
They  were  taken  by  his  chemist.  They  indicate  a  much  lower 
percentage  of  nitrogen  than  what  we  found  at  Sparrow's 
Point,  and  I  do  not  pretend  to  explain  it.  In  r^ard  to  the 
size  of  the  grain  of  coal  as  affecting  coke,  gas  and  by-products, 
I  think  Mr.  Way  is  laboring  under  a  misapprehension  in  re- 
gard to  the  policy  of  the  Koppers  Company.  We  have  not 
changed  our  policy  of  pulverizing  coal  to  make  metallurgical 
coke,  but  we  feel  that  the  quality  of  the  gas  made  from  a 
coal  is  somewhat  a  function  of  the  size  of  the  grain,  and  in 
making  gas  in  gas  ovens  for  gas  use  to  give  600  B.  t.  u.  gas, 
we  would  not  crush  the  coal  as  fine  as  though  we  were  making 
metallurgical  coke  for  blast  furnace  use  on  a  coke  oven. 

Mr.  W.  J.  McGuRTY  (New  York)  :  Having  a  high  r^rd 
for  the  Koppers'  Oven,  as  to  its  carbonizing  efficiency,  and  also 
feeling  that  the  isolated  producers  for  heating  settings  are 
ideal,  owing  to  the  greater  thermal  efficiency  attained,  and  to 
the  lesser  liability  for  flue  stoppages,  I  think  that  the  choice 
of  carbonizing  apparatus  very  often  depends  on  the  question 
of  the  disposal  of  residuals,  particularly  coke,  and  that  for  this 
reason,  the  retort  will  always  hold  its  own. 

I  think  that  in  comparing  oven  with  retort  operation,  the 
bench,  instead  of  the  retort,  should  be  considered  the  unit  of 
comparison,  and  the  comparison  should  be  made  with  an  effi- 
ciently operated  through  horizontal  system  rather  than  with 
the  stop-end  retort.  While  carbonizing  systems  producing 
results  shown  by  the  examples  of  "built-in"  producers  and 
"stop-end"  retorts  spoken  of  on  pages  545,  546  and  555,  may  be 
in  operation,  local  experience  shows  that  the  carbonizing  re- 
sults on  through  horizontals  do  not  suffer  by  fair  comparison 
with  the  oven,  since  a  calorific  multiple  per  pound  of  coal  "as 
charged"  of  between  3,100  and  3,2CX)  B.  t.  u.  is  obtained.  On 
page  563,  the  retort  is  considered  more  as  a  means  of  storage 
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than  as  a  gas  producer,  and  a  15-foot  through  horizontal  is 
taken  as  the  example  while  21 -foot  retorts  are  being  operated. 
Therefore,  an  oven  charge  of  22,600  pounds  per  day  would 
require 

22  600 

'—- —   ~-  8.4  15-foot  horizontals  or  one  bench  on  8 

900  X  3 

hours, 
and 

22  600 
*———  —  4.9  2 1 -foot  retorts  or  0.55  bench  on  8  hours. 

1.550  X  3 

Taking  the  bench  as  a  unit  instead  of  the  retort,  as  the 
author  has  put  the  retorts  on  the  same  carbonizing  period  as 
the  oven.  The  balance  of  this  paragraph  is  a  sad  commentary 
on  efficient  supervision  of  heat  regulation. 

While  the  decomposition  of  ammonia  in  contact  with  hot 
coke,  which  has  been  quoted  on  page  598,  may  take  place  when 
the  pure  ammonia  gas  is  used,  the  results  of  simultaneous 
ammonia  and  cyanogen  tests  made  on  a  horizontal  retort  have 
not  proved  this  contention  under  carbonizing  conditions,  since 
the  ammonia  present  in  the  crude  gas  is  considerably  diluted 
and  undoubtedly  insulated  by  the  other  gases  present.  These 
tests  showed  that  while  the  ammonia  present  during  the  third 
hour,  when  the  maximum  amount  of  cyanogen  as  gas  per  100 
cubic  feet  was  observed,  had  decreased  about  15  per  cent,  from 
the  first  to  the  third  hour,  the  cyanogen  content  had  increased 
about  54  per  cent.  From  the  third  hour  to  the  ending  of  the 
8  hour  period,  the  ammonia  decreased  a  further  yy  per  cent, 
while  the  cyanogen  content  decreased  95  per  cent. 

Mr.  Ramsburg:  In  regard  to  Mr.  McGurty's  point,  page 
563,  in  regard  to  the  number  of  retorts,  perhaps  it  would  have 
been  better  to  say,  "Number  of  charges."  The  condition  of 
the  retort  is  the  condition  in  regard  to  that  individual  charge. 
I  think  this  correction  is  not  well  taken,  but  it  is  just  as  well  to 
straighten  it  out  so  that  it  may  not  be  misunderstood. 

Mr.  E.  C.  WithErby  (New  York)  :  I  should  like  to  say 
one  word  in  regard  to  this  paper.    First  of  all,  I  want  to  con- 
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gratulate  Mr.  Ramsburg  on  his  very  excellent  paper.  It  is  an 
exceedingly  appropriate  one  at  this  time,  and  I  am  sure  the 
Institute  is  much  interested  in  hearing  the  data  he  presents. 
The  one  point  I  want  to  mention  is  simply  to  emphasize  what 
he  says  on  page  568,  about  the  market  for  coke.  I  think  the 
impression  might  be  gotten  that  carbonization  in  bulk  in  ovens 
is  a  simple  problem  for  the  production  of  gas  in  any  locality. 
I  should  just  like  to  emphasize  the  fact  that  it  is  essential  to 
have  an  adequate  market  for  coke  in  order  to  make  the  enter- 
prise commercially  successful. 

Mr.  E.  H.  Earnshaw  (Newark)  :  I  had  the  privilege  four 
years  ago  of  seeing  the  construction  of  the  gas  ovens  at  Leo- 
poldau  described  in  this  paper,  and  I  can  say  that  their  design 
and  workmanship  was  very  good,  and  they  looked  to  me  then 
as  if  they  probably  would  be  extremely  successful.  The  re- 
sults quoted  show  that  they  have  indeed  been  successful,  and 
after  reading  Mr.  Ramsburg's  paper,  one  is  tempted  to  believe 
that  carbonization  in  gas  fired  ovens  must  be  the  best  method. 
However,  the  reports  of  the  Carbonization  Committee,  and 
especially  the  results  reported  by  Mr.  Taussig  as  having  been 
obtained  with  verticals  at  Fall  River  and  Hartford,  show  that 
no  one  system  of  carbonization  has  yet  attained  pre-eminent 
superiority  and  that  there  is  still  room  for  healthy  argument 
as  to  the  system  to  be  adopted.  It  all  comes  down,  as  usual,  to 
a  consideration  of  conditions,  the  coke  market,  the  kind  of 
coke  you  want,  the  kind  of  gas  you  want,  and  other  things, 
variable  always,  that  go  with  the  selection  of  any  particular 
type  of  installation.  There  is  another  thing  to  remember,  that 
it  is  apt  to  be  misleading  to  compare,  for  American  practice, 
results  obtained  in  Europe  by  European  practice.  We  have 
seen  that  with  many  methods  of  carbonization  originating  on 
the  other  side.  Results  may  be  better  or  worse,  but  they  arc 
not  the  same  when  the  plants  are  installed  and  operated  under 
American  conditions. 

There  is  one  other  point  that  hasn't  anjrthing  to  do  with 
Mr.  Ramsburg's  paper,  but  may  be  6i  interest  to  the  Institute. 
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The  Camden  Coke  Company  operates  coke  ovens  in  Camden, 
and  a  year  or  two  ago  it  became  a  very  urgent  matter  to  do 


something  towards  reducing  the  amount  of  smoke  that  occurred 
at  the  time  of  charging  the  ovens.  In  all  coke  ovens,  the  charg- 
ing by  larry  into  the  charging  holes  allows  the  escape  of  a 
considerable  quantity  of  gas  and  smoke,  which  in  our  case,  be- 
39 
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came  obnoxious  to  the  neighborhood,  and  it  was  necessary  to 
do  something,  and  the  interesting  part  is  that  we  have  suc- 
ceeded in  developing  a  method  whereby  coal  can  be  charged 
into  an  oven  in  an  absolutely  smokeless  manner.  It  is  inter- 
esting to  know  that,  because  it  may  be  useful  in  other  situa- 
tions. Fig.  I  shows  that  the  principle  involved  is  that  the 
charging  holes  through  the  floor  of  the  oven  should  be  supplied 
with  coal  at  the  top  faster  than  it  can  be  run  out  at  the  bot- 
tom, so  that  during  the  process  of  charging,  there  shall  always 
be  a  plug  of  coal  preventing  the  escape  of  gas.  At  the  same 
time  the  valves  to  the  two  mains,  the  rich  gas  and  the  poor  gas 
mains,  are  opened  to  offer  a  place  for  the  escape  of  the  gas 
that  is  formed  in  the  ovens,  and  the  result  has  been  more  than 
satisfactory.    It  has  been  practically  perfect. 

Mr.  J.  H.  Taussig  (Philadelphia) :  Through  accident 
partly,  and  through  the  lateness  of  the  publication  of  this 
paper,  I  did  not  receive  it  until  yesterday  morning.  I  have  been 
trying  ever  since  to  properly  digest  and  study  it.  I' should 
like  to  say  that  Mr.  Ramsburg  has  written  a  very  complete 
paper,  and  he  certainly  puts  the  retort  operating  plant  on  the 
defensive,  particularly  in  regard  to  fuel,  at  least  it  would 
seem  so  in  reading  his  paper  over  hurriedly.  However,  there 
are  some  things  that  must  be  considered  in  this  fuel  economy. 
There  is  no  doubt  that  there  is  a  tremendous  advantage  in 
having  such  an  efficient  outside  producer.  Why  the  gas  fra- 
ternity has  not  used  this  method  in  the  past  is  beyond  me.  I 
am  sure  if  I  have  the  choice,  the  next  plant  I  would  build 
would  have  an  outside  producer  plant.  One  of  the  great  ad- 
vantages gained,  is  that  each  unit  has  exactly  the  same  quality 
of  gas  fuel.  That  means  that  the  whole  plant  is  working  as  a 
unit.  The  plant  must  be  operated  on  a  schedule  of  charges, 
and  there  is,  undoubtedly,  a  saving  if  every  unit  is  heated  alike. 
Recently  I  asked  a  very  well  known  gas  engineer  who  has  a 
horizontal  plant,  and  who  is  having  trouble  with  his  producers, 
why  he  did  not  throw  out  these  producers,  take  the  bull  by 
the  horns  and  put  outside  producers  in  his  plant?    He  said 
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he  had  just  recently  traveled  through  Europe,  with  the  hope 
of  seeing  there  such  a  plant.  He  said  he  saw  only  one,  and  this 
plant  had  an  unequal  distribution  of  heat  in  the  retorts.  It 
seemed  to  me  a  very  poor  reason  for  giving  up  a  principle  that 
had  great  advantages,  simply  because  the  first  one  seen  was 
poorly  worked  out.  It  certainly  would  improve  the  conditions 
of  the  intermittent  retort  plant,  either  horizontal  or  vertical. 
I  want  to  say  a  few  words  for  the  intermittent  retort  plants, 
particularly  the  vertical  plants.  I  believe  that  in  the  same 
time  and  with  less  labor,  as  much  coal  could  be  charged  and 
discharged  as  in  any  large  coke  oven.  I  should  like  to  call  at- 
tention to  the  fact  that  at  Fall  River  two  men  per  shift  are 
charging  and  discharging  retorts  of  a  1,000,000  ft.  plant,  are 
taking  care  of  the  furnaces  and  cleaning  them,  cleaning  the 
stand  pipes  and  doing  everything  about  that  plant  except 
filling  the  coal  and  breeze  bins  and  removing  and  screening 
the  ashes  from  the  producers.  These  men  have  more  than 
half  of  their  time  to  rest,  and  therefore,  could  easily,  without 
any  heavy  labor  at  all,  charge  and  discharge  the  retorts  of  a 
4,000,000  or  5,000,000  ft.  plant.  There  is  still  hope  for  the 
intermittent  vertical  retort  system.  We  also  have  hope  for  the 
continuous  system.  (Laughter.)  Mr.  Ramsburg  has  spoken 
of  the  coke  market.  Undoubtedly,  when  a  manager  figures  on 
the  size  of  a  plant,  he  figures  how  much  coke  can  be  disposed 
of.  The  lowering  of  requirements  in  candle-power  and  put- 
ting us  on  a  heat  units  basis  will  naturally  make  us  look  for- 
ward to  increase  our  coal  gas  plants.  Therefore,  the  ques- 
tion coming  up  is  how  can  we  get  rid  of  our  coke?  A  by- 
product oven  is  out  of  the  question.  We  want  to  make  gas,  we 
want  to  make  lots  of  it  and  of  good  and  uniform  quality.  Mr. 
Ramsburg  has  mentioned  that  in  England,  where  they  have  no 
central  heating  plants  in  their  houses,  most  of  the  market  for 
coke  is  for  open  grate  fires.  In  this  country  we  have  to  be  pre- 
pared to  make  a  fuel  that  will  displace  in  time  anthracite  coal 
for  house  furnaces,  etc.  I  believe  the  recent  tests  have  shown 
that  the  coke  made  in  intermittent  tyi>es  of  vertical  retorts  is 


Digitized  by  VjOOQIC 


6l2 


almost  identical  with  the  same  coal,  as  that  made  by  the  by- 
product coke  oven,  and  that  being  the  case,  the  study  of  the 
future  will  be,  which  plant,  making  an  equal  quality  or  quan- 
tity of  coke,  can  get  the  most  out  of  a  ton  of  coal  ?  I  cannot 
see  how  a  unit,  with  all  the  joints  a  coke  oven  has,  can  keep 
in  as  good  condition  over  a  period  of  time  and  make  as  good 
quality  of  gas  as  a  retort.  I  should,  therefore,  like  to  ask  Mr. 
Ramsburg  if  he  has  any  records  of  tests  made  on  a  coke  oven 
after  it  had  been  in  operation  for  a  nimiber  of  years.  My  at- 
tention was  called  recently  to  coke  oven  plants  which  have 
been  run  a  certain  length  of  time,  where  the  nitrogen  con- 
tained in  that  gas  was  high.  Can  we  take  the  risk  in  supply- 
ing a  large  city  with  run  of  oven  gas  from  a  coke  oven,  after 
it  has  been  in  operation  for  a  period  of  time? 

Mr.  Ramsburg:  In  regard  to  Mr.  Taussig's  statement,  the 
last  question  as  to  the  nitrogen,  these  ovens  are  built  with 
silica  material.  The  silica  material  expands  until  it  reaches  a 
temperature  approximately  of  2,100  degrees.  After  that  point, 
until  it  reaches  a  temperature  of  2,700  degrees,  the  cur\e  of 
expansion  and  contraction  is  practically  a  straight  line.  Under 
those  conditions,  with  the  oven  brought  up  to  a  temperature 
of  over  2,100  degrees,  and  the  buckstays  tightened,  kept  tight- 
ened and  tension  put  on  them  (as  they  are  in  properly  operated 
plants),  the  silica  material  is  always  under  compression.  The 
silica  bricks  are  tongue  and  grooved  bricks  and  the  ovens 
remain  tight.  I  have  no  hesitancy  in  saying  that  even  oper- 
ating on  high  volatile  coal,  if  proper  attention  is  paid  to  keep- 
ing the  buckstays  tight,  that  the  plant  will  operate  with  less 
than  5  per  cent,  of  nitrogen  for  a  great  many  years.  The 
plant  of  the  Illinois  Steel  Company  at  Joliet  was  built  of 
silica,  the  first  plant  in  this  country,  and  was  built  according 
to  the  plant  made  for  German  coals,  and  it  has  been  operating 
since  1908.  This  is  the  sixth  year.  They  have  not  replaced 
a  brick  in  those  silica  batteries,  excepting  some  small  repairs 
in  the  end  walls.  I  will  give  the  exact  figures  in  the  notes, 
but  my  impression  is  that  the  nitrogen  at  the  present  time 
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from  the  battery  of  ovens  is  less  than  6  per  cent.,  although  I 
believe  no  attempt  is  made  to  keep  the  nitrogen  down. 

Mr.  W.  H.  Gartley  (Philadelphia)  :  I  want  to  emphasize 
one  point  that  Mr.  Earnshaw  has  made,  which  has  been  corro- 
borated in  my  own  experience,  and  that  is  that  local  conditions 
have  so  much  to  do  with  the  selection  of  what  sort  of  carbon- 
izing plant  you  use.  Several  other  instances  of  local  condi- 
tions, such  as  coke  market  and  so  on,  have  been  mentioned, 
but  I  want  to  mention  one  other:  Mr.  Taussig  and  I  are 
both  employed  by  the  same  company.  The  company  is  show- 
ing a  willingness  to  build  a  vertical  intermittent  system,  as  you 
may  have  imagined  from  hearing  Mr.  Taussig.  Immediately 
the  largest  company  under  their  control  puts  in  a  horizontal 
system,  and  that  is  just  an  illustration  I  want  to  bring  out  how 
local  conditions  will  govern  the  selection  of  a  system.  We 
selected  the  horizontal  system  because  we  had  a  building;  we 
were  using  other  horizontal  benches;  we  tore  out  one  stack 
and  put  in  another.  If  we  had  not  had  the  building  or  had 
decided  that  the  cost  of  the  operation  of  that  portion  of  the 
old  style  of  settings  that  were  left  and  which  we  intended  to 
use,  in  connection  with  the  cost  of  operation  of  a  new  system 
such  as  the  vertical,  which  would  be  operated  from  another 
floor  and  so  on,  could  have  been  economical,  we  probably 
would  have  been  influenced  to  the  extent  of  changing  our 
selection  of  the  carbonizing  method. 

I  would  like  to  say  just  one  thing  about  silica  material.  It 
has  been  a  very  great  surprise  to  me  in  the  last  lo  months  to 
see  what  that  material  will  do  as  compared  with  fire-clay  for 
those  places  in  which  it  is  possible  to  use  silica  material.  In 
ID  months,  in  forty-five  retorts,  29  ft.  long,  under  fire,  there 
hasn't  been  any  indication  that  we  can  see  anywhere  of  a 
crack  or  a  warp  of  any  sort.  With  the  advice  and  assistance 
of  these  two  gentlemen  here,  Mr.  Earnshaw  and  Mr.  Rams- 
burg,  we  had  experience  with  the  fire  clay  in  horizontal  retorts 
for  years,  and  to  come  across  a  material  that  will  stand  up  as 
silica  material  does  is  almost  unbelievable.  Then  again,  you  will 
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find  that  the  conductivity  of  the  heat  through  the  silica  material 
is  very  much  more  apparent  in  practice  than  that  of  the  fire 
clay,  and  we  are  able  to  carbonize  per  lineal  foot  of  retort  a 
great  deal  more  coal  than  we  expected  to  do.  In  fact,  we 
figured  we  would  do  very  well  if  we  were  able  to  continue  to 
carbonize  70  lbs.  of  coal  per  lineal  foot  of  retort  in  8  hours. 
That  would  be  4,503  lbs.  of  coal  in  the  whole  retort  for 
24  hours.  We  find  we  can  carbonize  5,200  lbs.  We  can 
do  that  without,  as  I  say,  in  10  months — ^that  is  the  limit  of 
our  experience — having  any  trouble  at  all  or  any  indication 
of  overheating,  warping,  cracking  or  anything  of  that  kind. 

The  Acting  Chairman  :  Is  there  any  further  discussion? 
Mr.  Ramsburg,  have  you  any  remarks  to  make? 

Mr.  Ramsburg:     I  think  not,  Mr.  Chairman. 

The  Acting  Chairman  :  This  meeting  will  reconvene  at 
2  o'clock. 

Adjourned,  12:53  p.  m. 
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MANUFACTURING  SECTION. 

Aftemooii  SmsIoii,  Thursday,  Octob«r  22. 

Mr.  H.  L.  Underbill  (New  York),  Acting  Chairman, 
Presiding. 

Mr.  W.  Van  Alan  Clark  (Astoria,  Long  Island,  N.  Y.), 
Section  Secretary, 

The  Acting  Chairman  called  the  meeting  to  order  at 
2.20  p.  M. 

The  Acting  Chairman:  The  first  paper  this  afternoon  is 
"Methods  and  Facilities  for  Specifying  and  Testing  Blowers, 
Also  Measuring  Air  and  Steam  Supply  to  the  Water  Gas  Gen- 
erators," by  Mr.  J.  M.  Spitzglass,  of  Chicago. 

METHODS  AND  FACILITIES  FOR  SPECIFYING  AND 

TESTING  BLOWERS  ALSO  MEASURING  AIR 

AND  STEAM  SUPPLY  TO  THE  WATER 

GAS  GENERATORS. 

We  are  well  aware  that  atmospheric  air  and  water  in  the 
form  of  steam  are  raw  materials  which  are  usually  supplied 
to  the  water  gas  generator  in  unknown  and  poorly  regulated 
quantities.  The  air  for  blasting  is  usually  gauged  by  the  blast 
pressure  under  the  grate,  and  the  steam  for  gas  making  is 
gauged  by  the  pressure  at  the  inlet  to  the  generator.  But  as 
the  resistance  which  the  fuel  bed  offers  to  the  flow  of  air 
varies  from  time  to  time,  the  flow  through  the  generator  varies 
accordingly.  Without  providing  the  means  to  regulate  that 
variation  it  becomes  very  difficult  to  keep  the  machine  running 
uniformly,  and  to  adjust  the  amount  of  steam  to  correspond 
with  the  variable  air  blast  quantity. 

It  is  fortunate  that  some  of  the  irregularities  resulting  from 
the  unknown  variation  of  the  flow  are  balanced  by  the  large 
amount  of  heat  stored  up  in  the  fuel  bed  of  the  generator. 
But  for  the  reason  of  the  high  fuel  bed,  the  task  of  getting 
results  from  the  fuel  is  very  complicated,  and  it  could  be  much 
simplified  if  means  were  provided  for  measuring  and  regu- 
lating the  flow  of  air  and  the  flow  of  steam  into  the  generator. 
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In  some  places  flow  meters,  or  the  equivalent,  are  provided 
for  measuring  the  air  blast ;  but  unless  the  blower  is  properly 
adjusted  for  the  purpose,  and  adequate  means  are  provided 
for  regulating  the  flow,  the  utility  of  the  meter  is  very  limited. 

It  is  the  object  of  this  paper  to  discuss  the  characteristic 
properties  of  the  centrifugal  blower  as  adapted  for  blasting  the 
water  gas  machine;  to  formulate  methods  and  facilities  for 
specifying  and  testing  the  blower;  and  to  suggest  means  for 
regulating  the  flow  of  air  and  adjusting  the  flow  of  steam  into 
the  water  gas  generator. 

Characteristic  Properties  of  the  Centrifugal  Bu)wer. 

In  discussing  the  action  of  the  blower,  perhaps  the  most 
important  item  in  securing  the  proper  service  for  blasting  is 
a  thorough  understanding  of  the  peculiar  properties  to  which 
the  centrifugal  apparatus  is  subjected.  A  familiarity  with 
these  properties  is  necessary  in  order  to  be  able  to  specify  the 
proper  blower  for  the  given  condition,  and  to  determine  the 
later  performance  of  the  blower.  In  what  follows  an  attempt 
will  be  made  to  explain  the  principles  underlying  those 
properties. 

The  delivery  of  fluid  by  the  centrifugal  blower  is  purely 
incidental  to  the  action  of  the  rotating  blades.  The  prime 
function  of  the  blades  is  to  set  the  fluid  particles  in  rotary 
motion  around  the  center  of  the  impeller,  thereby  creating,  in 
the  region  of  the  rotating  medium,  an  outward  tension  due  to 
the  centrifugal  action  of  the  rotating  particles.  The  blower 
primarily  builds  up  a  pressure  by  rotating  the  fluid,  and  inci- 
dentally discharges  a  corresponding  volume  when  openings  are 
provided  in  the  casing  and  the  fluid  is  allowed  to  escape.  In 
this  respect  the  pressure  of  the  centrifugal  blower  is  analogous 
to  the  volume  of  the  displacement  blower.  In  the  latter 
machine,  when  the  speed  of  the  blower  is  increased  the  dis- 
charged volume  increases  without  regard  to  the  pressure.  In 
the  former,  when  the  speed  of  the  impeller  is  increased  the 
pressure  increases  without  regard  to  the  volume,  within  cer- 
tain limits. 


Digitized  by  VjOOQIC 


6i7 

The  Action  of  the  Centrifugal  Force, 
The  centrifugal  action  manifested  by  the  particles  of  the 
rotating  fluid  is  not  the  same  type  of  centrifugal  force  that  is 
exerted  in  a  revolving  solid  body,  such  as  a  circular  plate  or 
flywheel.  In  the  solid  body  the  centrifugal  force  exists  only 
as  an  internal  stress  or  tendency,  which  is  not  acting,  and, 
therefore,  it  involves  no  additional  expenditure  of  energy  on 
the  revolving  body  by  its  existence  in  the  body.  In  the  revolv- 
ing fluid,  however,  the  centrifugal  force  is  active,  compressing 
the  fluid  particles  and  raising  their  potential  energy  by  an 
amount  equivalent  to  the  rotary  motion  of  the  fluid.  Accord- 
ingly, each  particle  of  the  revolving  fluid  possesses,  by  virtue 
of  the  same  motion,  a  double  portion  of  energy  as  compared 
with  an  equal  particle  of  a  revolving  solid.  Of  this  energy, 
one  part  is  kinetic,  and  is  equivalent  to  the  velocity  of  the  par- 
ticle; the  other  part,  being  of  the  same  magnitude,  is  potential, 
and  is  imparted  to  the  particle  when  it  is  raised  to  the  equiva- 
lent pressure  by  the  acting  centrifugal  force. 

Potential  and  Kinetic  Energy  Imparted  to  the  Fluid  Particles, 
From  the  well  known  relation  of  the  units  by  which  the  two 
forms    of    energy    are    measured,    we    have    as    a    general 
expression : 

E  -     — y  (kinetic  energy)    ]  fi  (pressure)  =^ 

^^ 

V* 

—  y  (total  energy) ( i ) 

Where  £  is  the  total  amount  of  energy  in  foot  pounds  im- 
parted to  a  cubic  foot  of  the  fluid  when  passing 
through  the  blades  of  the  impeller. 

V  is  the  tangential  velocity,  in  feet  per  second,  of 
the  fluid  leaving  the  blades.  For  radial  blades  V 
is  equal  to  the  peripheral  velocity  of  the  impeller. 

^  is  the  gravity  unit  of  mass,  equals  32.2. 

y  is  the  density  of  the  fluid  in  pounds  per  cubic  foot, 
and 

P  is  the  pressure  generated  by  the  centrifugal  force 

V 
which  is  also  equal  to  —  y. 
2^ 
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From  the  nature  of  the  two  forms  of  energy  imparted  to 
the  fluid  particles  by  the  action  of  the  blades,  the  potential 
energy  of  the  centrifugal  action  appears  directly  in  the  form 
of  pressure  which  is  utilized  to  overcome  the  resistance  to  the 
flow  of  the  fluid  delivered  by  the  blower.  Of  the  kinetic  or 
velocity  energy,  however,  only  a  part  can  be  retained  and 
converted  into  useful  work.  If  the  particles  of  the  fluid,  u{K>n 
leaving  the  blades,  are  given  the  proper  direction,  as  deter- 
mined for  the  blower,  the  part  of  velocity  transposed  into 
pressure  is  considerable,  and  the  blower  is  operated  with 
higher  efliciency.  When  this  direction  is  changed,  the  part 
of  the  velocity  energy  transformed  into  pressure  decreases, 
and  the  efficiency  of  the  blower  is  greatly  reduced. 

A  change  in  the  quantity  of  fluid  delivered  by  the  blower 
produces  a  corresponding  change  in  the  ratio  of  kinetic  to 
potential  energy,  and  also  changes  the  direction  of  the  par- 
ticles leaving  the  blades  of  the  impeller,  thereby  effecting  the 
efficiency  of  the  blower  and  the  pressure  developed  by  a  given 
peripheral  speed.  This  is  illustrated  graphically  in  the  accom- 
panying figures,  Nos.  i  to  6  inclusively.  In  each  figure^  show- 
ing the  elementary  sketch  of  a  centrifugal  blower,  the  distance 
r  represents  to  scale  the  peripheral  velocity  of  the  impeller, 
and  the  arrow  head  lines  represent  to  the  same  scale  the 
velocity  of  the  fluid  in  the  given  direction. 

In  Fig.  I  the  outlet  from  the  blower  is  closed.  The  impeller 
running  with  a  velocity  V,  imparts  to  the  fluid  the  potential 

energy  —  y,  and  also  the  velocity  energy  of  the  satne  magni- 
tude in  the  direction  a-b  tangent  to  the  periphery  of  the  blades. 
Since  there  is  no  delivery  from  the  blower,  the  velocity  energy 
is  theoretically  transformed  into  pressure  so  that  the  total 

pressure  in  the  casing  should  be  —  y. 

Suppose  in  a  given  case  it  is  found  that  the  total  pressure 
when  the  discharge  valve  is  closed  is  equal  only  to  —  y;  that 

2^ 
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IS,  if  we  find  that  all  the  velocity  energy  of  the  fluid  is  absorbed 
in  eddy  currents  and  shock  losses  in  the  casing,  then  we  change 
the  direction  of  a-b  to  follow  from  the  periphery  of  the  blower 
with  an  angle  a  that  will  reduce  gradually  the  velocity  of  the 
fluid  in  the  casing  after  leaving  the  blades  of  the  impeller, 
and  will  transfer  as  much  as  possible  of  the  velocity  tntrgy 
into  pressure. 

The  change  of  direction  of  the  line  a-b  to  follow  the  proper 
angle  a  can  be  effected  either  by  curving  the  blades  so  as  to 
make  the  radial  resultant  of  the  velocity  equal  to  a-c,  as  shown 
on  Fig.  2,  or  by  discharging  a  volume  from  the  blower  such 
that  will  make  the  actual  radial  velocity  of  the  fluid  equal  to 
a-c,  as  shown  on  Fig.  3,  or  by  a  combination  of  the  two,  as 
shown  on  Fig.  4.  It  will  be  noticed  that  curving  the  blades 
reduces  the  energy  imput  on  the  fluid  by  decreasing  the  tan- 
gential component  a-d  and  diminishing  the  action  of  the  cen- 
trifugal force.  In  either  case  the  effect  produced,  as  shown 
graphically  on  the  given  figures,  remains  the  same  only  for 
the  same  speed  and  the  same  quantity  discharged  from  the 
blower. 

The  effect  of  increasing  the  speed  of  the  impeller  for  the 
same  angle  of  discharge  is  shown  in  Fig.  5,  where  Tj  represents 
the  peripheral  velocity  of  the  blades,  and  where  the  radial 
velocity  is  increased  in  the  same  proportion  as  the  tangential 
velocity  of  the  fluid.  This  indicates  that  in  order  to  maintain 
the  same  efficiency,  the  flow  must  be  increased  in  proportion 
with  the  increase  of  the  speed.  If  additional  resistance  is  put 
on  the  outlet  so  as  to  discharge  with  the  increased  speed  a 
volume  equal  to  that  of  Fig.  3,  the  angle  of  discharge  is 
changed,  as  shown  on  Fig.  6,  and  the  efficiency  of  the  blower 
is  reduced. 

The  Characteristic  Curve  of  the  Blower, 

Thus  we  see  that  there  is  a  definite  relation  between  the 

volume  discharged  from  the  centrifugal  blower  and  the  static 

pressure  developed  in  the  casing  by  a  given  speed  of  the 

impeller.     Consequently  a  certain  definite  resistance  to  the 
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flow  must  accompany  each  given  discharge  of  the  blower,  and, 
inversely,  a  definite  discharge  must  correspond  to  a  given 
resistance.  This  relation  between  the  volume  discharged  by 
the  blower  and  the  resistance  or  static  pressure  that  must 
accompany  the  given  discharge  is  called  the  characteristic 
property  of  the  centrifugal  blower,  and  a  curved  line,  showing 
on  a  co-ordinate  diagram,  the  relation  of  the  two  quantities 
for  a  given  speed  of  the  impeller  is  called  the  characteristic 
curve  of  the  blower. 

Characteristic  Curve  for  Variable  Discharge. 
Fig.  7  shows  a  typical  characteristic  of  a  centrifugal  blower 
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Fig.  7.— Typical  characteristi*'  for  variable  discharge, 
or  compressor  designed  to  deliver  a  variable  quantity  of  air 
or  gas  at  a  given  uniform  pressure.     The  discharge  of  the 
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blower  is  shown  in  per  cent,  of  the  rated  capacity,  which  is 
the  volume  delivered  by  the  blower  with  the  highest  efficiency, 
and  the  corresponding  pressure  is  given  in  per  cent,  of  the 
pressure  developed  by  the  blower  when  discharging  the  rated 
capacity  volume.  At  zero  discharge  this  blower  develops  a 
certain  pressure  corresponding  to  the  speed  of  the  impeller, 
and  when  the  flow  is  started  the  pressure  rises  gradually  with 
the  increase  of  the  volume  to  about  80  per  cent,  of  the  rated 
capacity,  and  then  drops  uniformly  until  the  maximum  capacity 
of  the  blower  is  reached. 

For  the  largest  portion  of  the  curve  the  pressure  is  nearly 
constant,  and  for  this  purpose  the  inherent  prc^rty  of  Ae 
blower  to  develop  a  predetermined  pressure  for  a  given  speed 
of  the  impeller,  or  the  characteristic  of  the  blower,  is  utilized 
directly  for  regulating  the  pressure  and  to  take  up  the  fluctua- 
tions of  the  volume  delivered.  The  regulation  is  sufficient  for 
all  practical  purposes,  a  variation  of  only  3  per  cent,  from  the 
rated  pressure  being  shown  between  20  per  cent,  load  to  20 
per  cent,  over-load  in  the  volume.  If  the  speed  of  the  im- 
peller is  increased  the  pressure  will  rise  accordingly,  but  the 
variation  will  remain  nearly  the  same  for  all  speeds  the  blower 
is  designed  for. 

Change  to  Constant  Volume,  . 
If  the  blower  represented  by  this  characteristic  (Fig.  7) 
were  to  be  used  for  blasting  a  water  gas  machine,  where  the 
uniformity  in  the  volume  is  a  great  deal  more  important  than 
the  uniform  pressure,  it  would  necessitate  s<nne  device  to 
keep  the  volume  constant,  otherwise  the  slightest  increase  in 
the  resistance  of  the  fuel  bed  would  reduce  the  supply  of  air 
to  the  machine  considerably.  Such  a  device  would  keep  Ae 
volume  constant  by  varying  the  pressure  in  the  line  in  one 
way  or  another.  This  would  mean  that  after  the  blower  was 
designed  to  possess  the  property  of  holding  the  discharge  press- 
ure nearly  constant,  a  costly  device  would  be  added  to  coun- 
teract that  property  and  to  vary  the  pressure  in  order  to  keep 
the  volume  constant. 
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It  is  well  to  mention  at  this  point  that  the  constant  volume 
device,  even  if  it  were  economical,  would  not  answer  the  pur- 
pose for  blasting  the  water  gas  machine.  As  a  matter  of  fact 
it  is  not  practical  at  all  to  have  the  flow  of  air  into  the  machine 
strictly  constant  even  during  a  single  run,  considering  the 
necessary  variation  in  the  quantity  of  secondary  blast.  If  the 
total  amount  of  both  primary  and  secondary  were  kept  con- 
stant it  would  greatly  diminish  the  capacity  of  the  machine  by 
reducing  the  primary  blast  for  the  later  part  of  the  blow  when 
the  fuel  is  able  to  take  care  of  more  air.  If  the  primary  blast 
alone  were  kept  constant  it  would  effect  a  similar  reduction  in 
capacity  because  the  primary  blast  would  have  to  be  lowered 
in  order  to  keep  the  blower  working  within  the  given  limits  of 
blast  pressure.  What  is  actually  wanted  is  a  uniform  delivery 
of  air  during  each  period  increasing  the  total  volume  gradually 
towards  the  end  of  the  blow. 

Pressure  and  Volume  Regulation, 
A  step  in  the  right  direction  for  regulating  the  air  blast  into 
the  generator  is  to  have  the  blower  develop  a  characteristic 
similar  to  the  one  shown  on  Fig.  8.  At  zero  discharge  the 
blower  develops  the  maximum  pressure  for  the  given  speed, 
and  when  the  flow  is  started  the  pressure  is  decreased  con- 
siderably, but  gradually  with  the  increase  of  the  discharge 
quantity.  With  this  characteristic,  the  blower  inherently 
possesses  a  pressure  and  volume  regulating  property  which  is 
more  suitable  for  the  operation  than  either  the  constant  pres- 
sure or  the  constant  volume  regulator. 

What  this  characteristic  actually  does  is  to  make  both,  the 
pressure  as  well  as  the  volume,  to  take  up  a  part  of  the  varia- 
tion or  change  in  the  existing  condition.  If  the  resistance 
offered  to  the  flow  is  increased,  tending  to  decrease  the  volume, 
the  corresponding  increase  in  discharge  pressure  tends  to 
overcome  the  additional  resistance  with  the  result  that  the 
volume  is  not  materially  reduced  and  the  rise  in  pressure  is 
only  moderate.  With  the  admission  of  the  secondary  blast 
more  freedom  is  allowed  to  the  flow,  and  a  larger  total  volunje 

40 
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corresponds,  as  it  should  for  utilizing  the  machine  to  the  best 
advantage. 

One  objection  to  the  shape  of  this  characteristic  is  that  the 
pressure  increases  considerably  at  zero  discharge  of  the 
blower.    At  certain  times  it  is  desirable  to  keep  the  blower 
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Fig.  8.— Typical  characteristic  for  pressure  and  volume  regulation. 

running  during  the  period  of  gas  making,  and  in  such  cases 
the  increased  pressure  increases  the  noise  and  works  addi- 
tional hardship  on  the  blades  and  mechanism  of  the  blower. 
When  the  blast  is  shut  off  every  run,  the  starting  and  espe- 
cially the  stopping  of  the  blower  works  harder  with  the 
increase  of  the  pressure  at  zero  discharge. 

Double  Type  Characteristic, 
To  overcome  the  difficulty  of  excessive  pressure  at  zero  dis- 
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charge  it  is  advisable  to  have  the  characteristic  of  the  blower 
shaped  as  shown  on  Fig.  9.  From  zero  discharge  to  about  70 
per  cent,  of  the  rated  capacity  the  discharge  pressure  is  nearly 
constant,  and  from  70  per  cent,  to  the  maximum  capacity  the 
pressure  decreases  considerably  with  the  increase  in  the  vol- 
ume discharged  by  the  blower.    With  this  characteristic,  how- 
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Fig.  9.— Typical  double  type  characteristic. 

ever,  special  care  must  be  taken  to  have  the  actual  discharge 
of  the  blower  as  close  as  possible  to  the  rated  capacity,  or  at 
least  not  lower  than  the  rated  capacity,  otherwise  if  the  dis- 
charge strikes  the  horizontal  part  of  the  curve,  the  whole 
regulation  is  lost,  and  the  variation  is  taken  up  by  the  volume 
alone,  the  latter  decreasing  considerably  with  the  increase  of 
resistance  in  the  line. 
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It  will  be  noticed  that  the  characteristic  curve  of  Fig.  9 
represents  in  the  first  half  the  shape  given  in  Fig.  7  and  in 
the  second  half  the  shape  of  Fig.  8.    That  is  to  say,  the  blower 
represented  by  this  characteristic  has  the  property  of  constant 
pressure  regulation  for  the  first  half,  or  the  lower  volumes, 
and  the  property  of  pressure-volume  regulation  for  the  second 
or  higher  volumes  of  discharge.    The  difference  between  the 
two,  or  the  influence  of  the  shape  of  the  characteristic  upon 
the  regulation  of  the  flow   from  the  blower  is  emphasized 
on  this  figure  by  the  dotted  lines  joining  the  points  a-b-c  and 
aj-fci-r,.    In  both  cases  it  is  assumed  that  the  resistance  in  the 
line  was  increased  by  the  same  amount  as  indicated  by  the 
length  of  the  lines  c-b  and  c^-b^.    Accordingly  the  flow  will 
adjust  to  a  new  position  p  having  a  mean  value  between  a  and 
b  in  the  first  case  and  between  Oj  and  b^  in  the  second  case. 
The  diagram  shows  the  comparative  change  produced  in  the 
volume  in  either  case. 

Specifications  for  the  Blower. 
Having  determined  upon  the  shape  and  value  of  the  general 
characteristic  of  the  blower  adapted  for  blasting  the  water  gas 
generator,  we  can  proceed  now  to  formulate  a  method  for 
specifying  the  blower  when  it  is  necessary  to  order  one.    As 
a  rule  the  manufacturer  will  always  live  up  to  the  specifica- 
tions if  he  is  given  a  chance  to  understand  what  is  wanted. 
The  quantities  to  be  considered  in  specifying  the  blower  are : 
A — The  rated  capacity  of  the  blower  in  cubic  feet  of 

free  air  per  minute. 
B — The  pressure  in  inches  of  water  corresponding  to 

the  rated  capacity  of  the  blower. 
C — The  average  barometer  and  air  temperature  at  the 

inlet  to  the  blower. 
D — The    range   of    speed   in   revolutions    per   minute 
through   which  the  blower  will   safely  operate 
with  the  given  efficiency. 
E — The  mechanical  efficiency  of  the  blower  at  the  rated 
capacity. 
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The  Rated  Capacity, 

The  rated  capacity  refers  to  the  volume  of  air  the  blower 
will  deliver  against  the  given  resistance  with  the  highest 
mechanical  efficiency.  This  volume  is  specified  in  cubic  feet 
of  free  air  at  standard  conditions,  which  is  equivalent  to 
specifying  a  given  weight  of  air  to  be  compressed  and  deliv- 
ered by  the  blower. 

To  determine  the  amount  of  air  to  be  specified  for  a  given 
case:  Suppose  it  is  desired  to  order  an  individual  blower 
for  a  12  ft.  water  gas  generating  set,  having  an  inside  diameter 
of  9  ft.,  or  a  grate  area  of  63.6  sq.  ft.  At  first  it  is  necessary 
to  assume  the  rate  of  gas  production  of  the  generator,  or  the 
amount  to  be  produced  per  square  foot  of  grate  area. 

The  make  per  square  foot  of  grate  area  is  a  great  deal  a 
matter  of  personal  opinion  and  practice  of  the  manager  of  the 
gas  works.  Some  people  think  that  1,800  cu.  ft.  of  gas  per 
square  foot  of  grate  area  per  hour  is  a  sufficient  make  for  the 
gas  machine,  and  they  would  not  try  to  increase  the  make  in 
order  not  to  impair  the  oil  efficiency  of  the  generator.  Others 
seem  to  think  that  higher  makes  are  accompanied  by  higher  oil 
efficiency.  The  writer  had  a  chance  to  witness  a  test  on  two 
Williamson  machines  where  a  continuous  make  of  2,700  ft. 
I>er  hour  of  actual  operation  (blowing,  gas  making  and  charg- 
ing) was  maintained  for  a  full  month,  with  a  satisfactory  oil 
and  candle-power  efficiency.  For  our  figuring  we  will  assume 
that  the  make  is  to  be  2,500  cu.  ft.  per  hour  of  actual  operation. 
Multiplying  2,500  by  63.6  we  have  the  total  make  of  the 
machine  per  hour  equal  to  159,000  cu.  ft. 

The  second  step  is  to  determine  the  quantity  of  air  that 
should  be  allowed  per  1,000  cu.  ft.  of  gas  produced  by  the 
machine.  Figuring  an  average  of  32  lbs.  of  coke  or  coal  per 
M  and  deducting  ashes  and  unbumed  carbon  15  per  cent,  the 
amourtt  of  pure  carbon  consumed  per  M  is — 

32  X  0.85  =  27.2  lbs. 
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The  weight  of  carbon  retained  in  the  finished  gas,  figuring 
30  per  cent,  of  CO  and  4  per  cent,  of  CO2,  is — 

340  X  0.032  =  10.9  lbs. 

(0.032  is  the  weight  of  carbon  per  atom  in  i  cu.  ft.  of  gas.) 
The   amount   of    carbon   consumed    during   the    blast   is, 
therefore, — 

27.2  —  10.9  =  16.3  lbs.  per  M. 

To  find  the  amount  of  air  per  pound  of  pure  carbon  we  have 
as  an  average  analysis  of  blast  products  from  a  water  gas 
machine. 

Per  cent. 

CO, 15.5 

CO 5.0 

o, 0.5 

N, 790 

Total loo.o 

The  weight  of  the  constituents  carbon  and  nitrogen  in  100 
cu.  ft.  of  blast  gases  when  reduced  to  standard  conditions 
will  be — 

Carbon  :      20.5  (volume)  times  0.032    (atomic  weight)  —  0.656  pounds 
Nitrogen  :  79.0  (volume)  times  0.0742  (atomic  weight)  =  5.860  pounds 

The  weight  of  nitrogen  per  pound  of  carbon  is — 
5.86  -T-  0.656  =  8.94  lbs. 
and  pounds  of  air  per  pound  of  carbon  is — 
8.94  -T-  0.77  =11.6  lbs. 
Air  per  1,000  cu.  ft.  of  finished  gas  is,  therefore — 

1 1.6  X  16.3  =  189  lbs. 
One  pound  of  free  air  has  a  volume  of  13.1  cu.  ft. 
1 3. 1  X  189  —  2,480  cu.  ft.  of  air  per  1,000  cu.  ft.  of  gas 
produced  by  the  generator. 

In  some  cases  it  may  be  necessary  to  vary  the  quantities 
assumed  in  this  computation  and  for  this  purpose  the  diagram 
on  Fig.  10,  based  on  the  method  illustrated  here,  will  offer  a 
ready  solution  for  the  quantity  of  air  required  per  1,000  cu.  ft. 
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of  gas  for  all  cases  within  the  limit  of  practical  conditions  of 
operation.    The  equation  solved  by  the  diagram  is — 

74-2N,  _         .       N, 


Q  =  i7(C-ii) 


3j(CO,+CO) 


39-45(C-ii) 


CO,+  CO 


(2) 


Pounds  of  Pure  Carbon  consumed  per  H 


CUBIC  FEET  OF  FREE  Air  PER     H- 


Fig.  10.— Showing  air  blast  required  per  M.     Example  indicated  by 
arrow-heads. 

Given  carbon  per  M —  27.2  lbs. 

Given  N,  per  M —  790  per  cent. 

Given  CO,  -f-  CO  per  M .  • .  =  20.5  per  cent. 
Air  required  per  M  as  solved  =  2,480  cu.  ft. 


Digitized  by 


Google 


632 

Where  C  represents  the  pounds  of  carbon  consumed  per 
1,000  cu.  ft.  of  gas. 

N2,  CO2,  and  CO  represent  the  per  cent,  of  those  constitu- 
ents in  the  analysis  of  the  blast  products  from  the  water  gas 
machine. 

As  the  generator  in  our  case  is  to  produce  159,000  cu.  ft 
of  gas  per  hour  it  will  require  159  X  2,480  =  395,000  cu,  ft 
of  air  per  hour  of  actual  operation.  If  the  hour  is  to  be 
divided  into  7  cycles  of  8  minutes  each,  the  blasting  time  will 
occupy  28  minutes.  Dividing  395,000  by  28  we  have  the 
average  amount  of  air  to  be  delivered  by  the  blower,  14,100 — 
say  14,000  cu.  ft.  of  free  air  per  minute. 

The  Static  Pressure, 

The  pressure  to  be  developed  at  the  rated  capacity  of  the 
blower  depends  upon  the  resistance  to  the  flow  offered  by  the 
fuel  bed,  checker  bricks  and  passages  through  the  various 
compartments  of  the  generator.  In  most  cases  this  resistance 
has  to  be  assumed  by  reference  to  other  machines  of  the  same 
type  and  using  the  same  kind  of  fuel,  as  the  only  way  to  deter- 
mine the  actual  resistance  is  by  a  test  of  the  operation  after 
the  blower  is  installed. 

In  referring  to  other  machines  of  a  given  type  it  is  well  to 
keep  in  mind  the  manner  in  which  the  resistance  is  accumu- 
lated or  the  blast  pressure  is  distributed  through  the  machine. 
In  Fig.  II  are  shown  three  diagrams  of  blast  pressure  distri- 
bution in  water  gas  generators  of  the  same  type,  but  with 
different  size  connections  between  the  compartments.  It  will 
be  noticed  that  in  No.  i  and  No.  2  diagrams,  where  the  machine 
had  smaller  connections,  50  per  cent,  of  the  total  blast  pres- 
sure was  lost  in  the  passages,  while  in  No.  3  diagram  where 
the  connections  were  larger,  the  drop  wasted  is  only  22  per 
cent,  of  the  total.  This  may  emphasize  by  the  way  that  the 
builders  of  water  gas  generators  should  appreciate  the  impor- 
tance of  avoiding  unnecessary  resistance  in  the  passages  and 
outlet  of  the  machine,  considering  that  the  power  necessary 
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to  deliver  a  given  volume  of  air  increases  in  proportion  with 
the  resistance  against  which  it  has  to  be  delivered. 
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By  referring  to  our  previous  discussion  about  the  effect  of 
changing  the  volume,  and  also  to  the  efficiency  curves  plotted 
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with  each  characteristic  on  Figs.  7,  8  and  9,  it  will  be  realized 
that  for  efficient  operation  it  is  necessary  to  run  the  blower  as 
close  to  the  rated  capacity  as  possible.  As  the  resistance  that 
will  correspond  with  the  proper  volume  cannot  be  dcfinitdy 
determined  it  is  advisable  to  specify  for  the  rated  discharge 
of  the  blower  the  most  probable  pressure  that  may  be  expected 
by  reference  to  other  machines  of  the  same  type.  If  the  speci- 
fied pressure  will  prove  to  be  too  high  for  the  rated  volume,  the 
running  of  the  blower  will  be  adjusted  to  the  right  of  the 
characteristic  curve  with  the  voltune  somewhat  increased.  If 
the  specified  pressure  will  not  be  sufficient  for  the  rated 
capacity,  the  adjustment  will  be  to  the  left  of  the  character- 
istic curve,  with  the  volimie  somewhat  diminished.  In  the 
case  we  are  illustrating  here,  for  instance,  we  would  specify  a 
volume  of  14,000  cu.  ft.  per  minute  to  be  discharged  against 
a  continuous  resistance  of  26  in.  of  water  pressure. 

While  specifying  the  pressure  for  the  rated  capacity  of  the 
blower  it  is  advisable  also  to  make  certain  about  the  desired 
characteristic,  or  the  pressures  that  would  correspond  to  other 
volumes  and  the  static  no  delivery  pressure  of  the  blower. 
This  can  be  done  either  by  referring  to  a  curve  of  the  desired 
shape  or  by  specifying  the  approximate  increase  of  pressure 
to  correspond  with  the  decrease. of  volume,  and  vice  versa. 
If  a  shape  similar  to  Fig.  3  were  desired  it  could  be  stated  that 
the  static  no-delivery  pressure  should  be  not  over  20  per  cent, 
higher  than  the  rated  pressure,  and  the  rate  of  change  from 
80  per  cent,  load  to  20  per  cent,  over-load  should  be  about 
I  per  cent,  change  of  pressure  against  i  to  i>4  per  cent,  change 
of  volume  in  the  opposite  direction.  In. this  item  the  manu- 
facturer should  be  held  responsible  only  for  the  general  shape 
of  the  characteristic,  the  exact  rate  of  change  not  being  essen- 
tial for  the  operation. 

Air  Inlet  Conditions. 
The  barometric  pressure  and  the  temperature   determine 
the  density  of  the  air  at  the  inlet  to  the  blower.     Upon  this 
density  depends  the  weight  of  air  delivered  and  the  pressure 
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developed  by  the  Jblower.  That  is  to  say,  the  weight  in  a  given 
volume,  or  the  amount  of  standard  cubic  feet  delivered  by  the 
blower,  and  the  pressure  developed  at  a  given  speed  of  the 
impeller  are  directly  proportional  to  the  density  of  the  air  at 
the  inlet  to  the  blower. 

The  general  specification  implies  that  the  action  of  the  blower 
is  gauged  by  the  standard  cubic  foot  of  air,  and  therefore, 
unless  the  pressure  and  temperature  at  the  inlet  to  the  blower 
are  specified  and  agreed  upon,  the  manufacturer  is  entitled  to 
correct  the  density  for  standard  conditions  at  the  inlet  just 
the  same  as  the  purchaser  is  correcting  the  volume  for  stand- 
ard conditions  at  the  outlet. 

The  temperature  of  the  air  and  the  barometer  to  be  speci- 
fied depend  upon  local  conditions.  In  our  case,  for  instance, 
we  would  specify  29.5  in.  for  the  barometer  and  85^  F.  for 
the  temperature  of  the  air  at  the  inlet  to  the  blower. 

The  Speed  of  the  Blower, 

The  speed  of  the  blower  refers  to  the  peripheral  velocity 
of  the  blades,  which  determines  the  pressure  or  the  char- 
acteristic of  the  blower.  For  a  given  size  of  blower  the 
revolutions  per  minute  are  usually  specified,  signifying  the 
same  as  the  peripheral  speed,  since  the  active  diameter  is 
constant.  It  should  not  be  understood,  however,  that  the 
peripheral  speed  of  the  blades  is  the  only  criterion  that  makes 
up  the  characteristic.  If  two  blowers  not  having  the  same 
diameter  of  impeller  blades  are  operated  at  the  same  peri- 
pheral speed,  all  other  things  being  equal,  the  one  with  the 
larger  diameter  will  develop  a  higher  static  pressure  than  the 
other  for  even  quantities  of  discharge  because  the  radial 
velocity  is  diminished  with  the  larger  diameter.  Usually  a 
larger  width  of  the  impeller  would  accompany  the  larger 
diameter,  thus  making  a  larger  size  blower. 

These  points  are  all  worked  out  in  detail  by  the  manu- 
facturer, and  when  the  pressure-volume  conditions  are  speci- 
fied by  the  purchaser  the  proper  size  is  easily  determined,  and 
the  revolutions  per  minute  will  be  the  only  unit  that  has  to 
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enter  the  guarantee  for  this  purpose.  That-  is,  the  manufac- 
turer will  be  held  responsible  for  the  specified  pressure  and 
volume  at  the  speed  in  revolutions  per  minute  he  had  indicated 
for  the  blower.  For  our  illustration  we  will  assume  that  the 
manufacturer  indicated  the  speed  of  2,500  r.  p.  m.  for  the 
blower  to  deliver  the  rated  capacity  (14,000  C.  F.  M.)  against 
26  in.,  with  a  possibility  of  increasing  the  speed  250  r. p.m. 
if  desired. 

The  Efficiency. 

The  efficiency  of  the  blower  is  the  ratio  of  the  energy  de- 
veloped by  the  blower  in  moving  and  compressing  the  given 
volume  of  air,  to  the  energy  supplied  to  the  blower  by  the 
driving  appliance.  It  is  usually  specified  for  the  rated  ca- 
pacity of  the  blower,  being  stated  either  as  the  ratio  of  the 
air  horse-power  to  the  brake  horse-power,  or  directly  as  the 
brake  horse-power  necessary  to  deliver  the  given  volume  at 
the  specified  pressure. 

To  determine  the  efficiency  of  the  blower  it  is  necessary 
to  take  into  consideration  the  method  of  driving.  If  a  motor 
drive  is  used  the  determination  is  comparatively  easy.  With 
an  engine  or  turbine  drive  it  becomes  more  complicated,  and 
a  combined  efficiency  of  blower  and  drive  must  be  stated  in 
order  to  be  of  any  value.  For  our  illustration  we  will  asstime 
that  the  blower  is  to  be  turbine  driven  and  an  efficiency  of  not 
less  than  50  per  cent,  was  guaranteed  for  the  rated  capacity  of 
the  blower,  this  to  be  coupled  with  a  guarantee  for  the  turbine 
to  develop  a  brake  horse-power  per  36  lbs.  of  steam  at  150  lbs. 
gauge  when  running  non-condensing  with  a  back  pressure  of 
5  lbs.  gauge. 

Summary  of  Specifications, 

To  summarize  the  specifications  for  the  illustrated  case: 
The  turbine  driven  blower  is  to  deliver  14,000  C.  F.  M.  of 
free  air  against  a  continuous  resistance  of  26  in.  of  water 
when  running  at  a  speed  of  2,500  r.  p.  m.  (The  speed  of  the 
blower  can  safely  be  increased  to  2,750  r.  p.  m.)     Air  inlet 
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conditions  to  be  85°  F.  temperature,  and  29.5  in.  barometer. 
The  mechanical  efficiency  of  the  blower  is  to  be  not  less  than 
50  per  cent,  at  the  rated  capacity  and  specified  speed,  figuring 
a  brake  horse-power  for  each  36  lbs.  of  steam  consumed  by 
the  turbine  from  150  lbs.  gauge  initial  pressure  to  5  lbs.  gauge 
back  pressure.  The  characteristic  of  the  blower  should  show 
a  decided  drop  in  pressure  from  80  per  cent,  of  the  rated 
capacity  to  the  maximum  discharge.  The  static  no  delivery 
pressure  should  not  be  more  than  20  per  cent,  higher  than 
the  pressure  developed  at  the  rated  capacity. 

Testing  the  Blower. 

After  the  blower  is  installed  and  the  operation  is  started 
it  is  necessary  to  run  a  commercial  test  in  order  to  verify  the 
specifications  for  the  acceptance  of  the  blower.  However, 
this  verification  should  not  be  considered  the  main  object  of 
the  test.  Moreover,  the  fact  that  manufacturers  usually  live 
up  to  specifications  should  not  influence  the  purchaser  to  avoid 
the  trouble  of  testing  the  blower.  The  main  object  of  the  test 
should  be  to  determine  the  actual  performance  of  the  blower 
in  order  to  make  certain  that  it  is  operated  at  all  times  on  the 
proper  section  of  the  characteristic  curve. 

Pitot  Tubes  for  Measuring  the  Volume  of  Air, 

To  measure  the  volume  of  air  during  the  test  a  method  has 
to  be  employed  upon  which  the  seller  and  purchaser  have 
previously  agreed  in  the  specifications.  The  method  most 
commonly  employed  is  one  or  another  form  of  pitot  tubes 
recognized  by  the  two  parties  as  a  standard  for  measurement. 
It  is  well  to  know,  however,  that  the  different  forms  of  pitot 
tubes  do  not  always  agree  in  their  indication  of  a  given  flow. 
The  pitot  tube  is  actually  made  up  of  two  little  tubes  intro- 
duced into  the  pipe  one  pointing  against  the  flow  and  the 
other  at  right  angles  to  the  flow,  the  two  tubes  being  connected 
at  some  distance  from  the  pipe,  by  a  water  gauge  acting  as 
a  seal  and  indicating  the  differential  pressure  caused  by  the 
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impact  of  the  flow.  If  each  tube  is  led  to  a  separate  gauge, 
the  one  pointing  against  the  flow  will  indicate  the  true  total 
pressure,  including  the  static  or  bursting  pressure  in  the  pipe 
and  the  velocity  pressure  of  the  flow,  while  the  other  tube  will 
indicate  the  true  static  pressure  only  if  placed  in  the  pipe  ex- 
actly so  as  to  avoid  the  slightest  effect  of  the  flow  upon  the 
opening  of  the  tube.  This  is  where  the  difference  comes  in 
between  the  various  forms  of  pitot  tubes.  They  all  show 
identically  the  same  total  or  dynamic  pressure  in  a  given  flow, 
but  they  do  not  all  show  the  same  static  pressure,  some  fonns 
indicating  the  effect  of  suction  by  the  flow  decreasing  the 
static  pressure  and  others  indicating  the  effect  of  partial  im- 
pact increasing  the  static  pressure  indicated  by  the  gauge. 

The  difference  between  the  known  forms  of  pitot  tubes 
for  air  measurement  is  discussed  at  length  and  well  pointed 
out  by  W.  C.  Rowse  (see  "Pitot  Tubes  for  Air  Measurement*' 
by  W.  C.  Rowse,  Journal  of  the  A.  S,  M.  E.,  Sept.,  1913)  who 
experimented  with  a  number  of  tubes  including  the  Taylor 
standard  tube  with  slotted  static  openings,  the  A.  B.  C.  pitot 
tube  with  very  small  static  openings,  and  the  Gebhardt  tube 
with  beveled  static  openings.  Mr.  Rowse  found  that  the  true 
static  pressure  was  indicated  only  by  the  small  openings  of 
the  A.  B.  C.  static  tube,  and  this  pitot  tube  compared  accu- 
rately with  a  Thomas  electric  gas  meter  which  was  used  as  a 
standard  of  measurement.  Of  the  other  tubes,  the  Taylor 
pitot  tube  indicated  about  10  per  cent,  less  volume  than  the 
Thomas  meter,  and  one  of  the  Gebhardt  tubes  indicated  about 
7  per  cent,  less  than  the  same  meter. 

This  discussion  brings  out  the  fact  that  it  is  inunaterial 
which  form  of  pitot  tube  is  used  for  testing,  as  long  as  we 
know  the  correction  factor  from  one  form  to  another,  or  the 
proper  coefficient  for  the  given  tube.  For  instance:  if  the 
Taylor  tube  indicates  1,000  cu.  ft.  of  air  it  is  equivalent  to 
1,100  cu.  ft.  indicated  by  the  A.  B.  C.  tube,  or  1,000  cu.  ft.  by 
the  A.  B.  C.  tube  are  equivalent  to  910  cu.  ft.  by  the  Taylor 
tube.    This,  of  course,  has  to  be  considered  at  the  time  of  the 
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purchase  and  the  proper  coefficient  as  well  as  the  form  of  the 
pitot  tube  has  to  be  agreed  upon  in  the  specifications. 

The  Mean  Velocity  in  the  Pipe, 
It  is  understood  that  the  diflferential  pressure  indicated  by 
the  pitot  tube  is  equivalent  to  the  impact  at  the  point  where 
the  djrnamic  opening  is  facing  the  flow.  The  latter  is  very 
much  retarded  nearer  to  the  perimeter  of  the  pipe,  the  velocity 
of  the  gas  at  the  various  points  of  the  cross  sections  if  drawn 
to  scale  asstuning  the  shape  of  a  parabola  with  the  focus  at 
the  center  of  the  flow.  The  ratio  of  the  mean  velocity  in  the 
pipe  to  the  maximum,  indicated  by  the  tube  placed  in  the 
center,  is  considered  by  some  to  be  a  constant  quantity.  The 
directions  accompanying  the  Taylor  tube  specify  that  the  mean 
velocity  over  the  full  area  of  the  pipe  equals  0.91  times  the 
velocity  indicated  by  the  tube  placed  at  the  center  of  the  pipe. 
With  the  Gebhardt  tube  it  is  specified  to  place  the  dynamic 
tube  at  a  distance  R  from  the  center  usually  taken  as  0.8 
times  the  radius  of  the  pipe,  and  for  exact  calculations  a 
method  is  given  to  determine  the  actual  value  of  R,  or  the 
point  where  in  a  given  case  the  actual  velocity  equals  the  mean 
velocity  over  the  full  area  of  the  pipe.  With  the  A.  B.  C. 
tube  the  method  to  be  followed  is  to  divide  the  area  of  the 
pipe  into  a  number  of  concentric  annular  areas  and  to  take  a 
reading  at  the  center  of  each  annular  area.  For  all  practical 
purpose  it  is  sufficiently  accurate  to  take  the  average  of  the 
readings  as  the  mean  velocity  head  in  the  pipe.  If  great 
accuracy  is  desired  the  square  roots  of  the  readings  have  to 
be  averaged  and  the  square  of  this  average  represents  the 
mean  velocity  head,  since  the  velocity  at  each  point  varies  as" 
the  square  root  of  the  velocity  head  at  that  point. 

Figuring  the  Results  of  the  Test, 

In  conducting  the  test  of  the  blower  the  main  problem  is  the 
systematic  arrangement  and  proper  figuring  of  the  results. 
This  figuring  is  somewhat  complicated,  as  it  involves  the 
changes  produced  in  the  air  by  the  various  pressures  and  tem- 
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peratures.  To  facilitate  the  figuring  of  the  test  and  with  the 
intention  of  recommending  the  use  of  the  pitot  tube  more 
extensively  the  writer  devised  a  set  of  diagrams  for  the 
graphical  solution  of  the  quantities  involved  in  the  figuring. 
For  the  satisfaction  of  those  who  would  like  to  check  up  the 
given  equations,  and  also  believing  that  it  will  interest  the 
reader,  the  liberty  is  taken  to  discuss  the  fundamental  theory 
of  the  pitot  tube  calculations. 

The  Theory  of  the  Pitot  Tube, 

When  the  flowing  particles  of  the  air  are  brought  to  rest 
impinging  against  the  opening  of  the  dynamic  tube,  the  kinetic 
energy,  or  the  motion  of  those  particles  is  transposed  into 
potential  energy  in  the  form  of  pressure  developed  inside  the 
dynamic  tube.  The  relation  of  the  pressure  developed  in  the 
tube  to  the  velocity  of  the  impinging  particles  is  expressed  in 
the  fundamental  equation: 

—  y  (rate  of  impact)  --  P  (Developed  pressure) ...  (3) 

Where  V  is  the  velocity  of  the  air  in  feet  per  second. 
^  is  the  gravity  unit  of  mass,  equals  32.2. 
y  is  the  density  of  the  air  in  pounds  per  cubic  feet 
P  is  the  equivalent  pressure  in  pounds  per  square  foot 

From  equation  3. 

V*        P 

—  -  —  (4).  and 

2g-       y 

.        v=^'f    ,„ 

When  the  impact  of  the  flow  is  balanced  by  a  column  of 
liquid  of  a  known  density  and  height,  the  pressure  per  square 
foot  exerted  by  the  balancing  column  is  equal  to  the  height 
in  feet  times  the  density  in  pounds  per  cubic  foot,  or 

P       HW (6) 

H  and  W,  representing  the  height  in  feet  and  density  in 
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pounds  per  cubic  foot  of  the  liquid  balancing  the  impact  of  the 
flow,  and  equation  (6)  is  changed  to  the  form  of 


vW' 


'^  (7) 


Equation  7  is  the  most  convenient  form  for  solving  the 
velocity  of  a  fluid  when  the  pressure  of  impact  is  counter- 
balanced by  the  height  of  a  liquid  colimin.  For  a  column  of 
water  at  60**  F.  i  ft.  of  water  height  is  equal  to  62.4  lbs.  per 
square  foot,  and  i  in.  of  height  is  equal  to  62.4  -r- 12  =  5.2  lbs. 
per  square  foot,  and  equation  7  takes  the  form  of 


v  =  Y 


^^^>^^  18.30  V^'    (8) 


y  "  y 

and  the  mean  velocity  in  feet  per  minute 

V,  -  60  CV  =^  1098  C  \/— (9) 

where  h  is  the  height  of  the  coltmin  in  inches  of  water  balanc- 
ing the  velocity  pressure,  and  y  is  the  density  of  the  flowing 
air  in  pounds  per  cubic  foot.  C  is  the  ratio  of  the  mean  ve- 
locity to  the  maximum,  or  the  co-efiicient  of  the  pitot  tube. 

It  is  the  general  custom  in  making  these  calculations  to 
b^n  with  the  hydraulic  formula. 

^  =  H (10) 

Where  H  is  an  imaginary  column  of  the  flowing  air  that 
will  balance  the  pressure  of  the  impact.  This  form  being 
correct  in  principle  and  easily  applicable  in  hydraulic  problems, 
is  not  convenient  for  solving  the  flow  of  air.  In  the  first 
place  it  involves  a  term  which  is  unnecessary  for  the  problem 
adding  useless  work  in  the  figuring.  In  the  second  place  it  leads 
to  erroneous  conclusions  about  the  effect  of  the  non-homo- 
geneous density  of  the  imaginary  column  upon  figuring  the 
value  of  the  velocity  in  the  pipe.  It  is  usually  forgotten  that  the 
coltunn  of  air  is  only  imaginary  and  that  the  impact  formed  by 
the  air  of  known  and  homogeneous  density  in  the  pipe  is  bal- 
anced by  a  liquid  also  of  known  density,  and  no  matter  what  the 
41 
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density  of  the  imaginary  column  is,  the  equilibrium  is  obtained 
between  two  known  quantities  and,  therefore  the  fundamental 
equation  (3)  fiolds  true  for  all  velocities  of  the  air  in  the  pipe. 
In  explaining  this,  the  writer  refers  to  a  theory  stated  by 
Mr.  F.  H.  Kneeland  (Jour.  A.  S.  M.  E.,  Nov.,  191 1,  p.  1407) 
that  for  high  velocities  of  the  air  in  the  pipe  the  equation 
giving  the  velocity  of  the  air  corresponding  to  the  differential 
pressure  of  the  pitot  tube  is  to  be  modified  by  the  expression 

^  1  —  0.355  K:  -h  0.202  K*  -  0.137  K* 
where  K  is  the  ratio  of  the  velocity  pressure  to  the  absolute 
static  pressure  in  the  pipe.  The  modification  means  that  for 
a  given  differential  pressure  indicated  by  the  tube  the  energy 
of  the  flow  is  equal  only  to  the  amount  necessary  to  compress 
the  air  adiabatically  from  the  lower  to  the  higher  pressure, 
which  amount  is  less  than  the  potential  energy  of  the  differ- 
ential column.  This  could  not  be  true,  because  if  a  mass  of 
known   density,  y,   is   moving  with  a  given   velocity,   V,  it 

V* 
possesses  an  amount  of  kinetic  energy  equal  to  .  y.  irre- 

spective of  the  thermodynamic  action  that  took  place  when  the 
velocity  was  originally  formed,  and  when  this  kinetic  energy 

is  balanced  by  a  pressure  WH,  then  —  .  y  must  equal    WH 

otherwise  there  would  be  no  equilibrium  in  the  line. 

Calculating  the  Volume  of  Free  Air, 
To  figure  the  velocity  of  the  air  from  equation  (9)  we  have 
to  determine  the  value  of  y,  the  density  of  the  flowing  air  in 
pounds  per  cubic  foot. 

The  density  of  air  at  60**  F.  and  29.92  in.  of  mercury  is 
0.0764  lb.  per  cubic  foot.  At  any  other  temperature  and 
pressure,  (from  Charles  Low)  : 

0.0764  X  (460+60)  X(B,-f  H, -:-  13.6)  ^ 
'^'^  (460  +  /,)  X  29.92 

— ^"^^'fV^ (.0 
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Substituting  this  value  of  y,  for  y  in  equation  9,  we  have 

/  A 

V,  =  1098  C  J  1^25  (B,_±  Hj^-^  13.6}  ,  or 
^  460 -f  /, 

v.-     954  C  V^^<^s-^-"^    -    (-> 

Where  V,  is  the  mean  velocity  of  the  air  in  feet  per  minute; 
C,  is  the  ratio  of  the  mean  velocity  to  the  maximum, 

or  the  coefficient  of  the  pitot  tube. 
/&,  is  the  height  of  the  differential,  in  inches  of  water 
H,  is  the  static  pressure  in  the  line,  inches  of  water 
B,  is  the  barometric  pressure,  inches  of  mercury 
/,  is  the  temperature  of  the  air  in  the  pipe  degrees 
Fahrenheit. 
S  --  Bj  +  Hj  H-  13.6. 
The   weight   of  air   G,    in    pounds   per    minute,    flowing 
through  a  pipe  of  cross  sectional  area  A  square  feet : 

j~^  

G  -    V,  y,.     A  :     1098  CAy,  \  —  -    1098  CA  yky,  .  . .  (13) 

Substituting  the  value  of  y,  from  equation  1 1  we  have  ; 

G.  .098 CA ^j;iEiiET^-T^jrA _^ 

^  (460  -f  /,) 

"^3-8  CA  V-^—-^ CM) 

The  volume  of  air  Q,  in  standard  cubic  feet  per  minute, 

2  =  0.0I64     '^^^^  ^^  Vie^T;  ('5) 

For  a  pipe  of  diameter  D,  in  inches 

^^^078540: 

144 


Substitute  the  value  of  A  in  equation  15. 

, ,  16542  X  0,7854  CD'  jz^st:  ^ 
144        ^460  -  /, 

"••■^'^■'■i'^ 
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A  method  for  the  graphical  solution  of  equation  17  is  given 
on  the  accompanying  diagram  No.  12. 

Air  Horse-Power. 

The  energy,  or  work,  in  foot  potmds,  developed  by  the 
blower  is  equal  to: 

Cubic  feet  of  air  at  intake,  times  mean  effective  pressure  in 
pounds  per  square  foot 

For  a  blast  pressure  up  to  3  lbs.  per  square  inch  the 
mean  effective  pressure  is  practically  the  same  as  the  total  or 
dynamic  pressure  in  the  line  at  the  outlet  from  the  blower. 
The  work  in  foot  pounds  developed  by  the  blower  is,  therefore, 

W  =  5.2Q,H, (18) 

and  the  air  horse-power  of  the  blower  is 

H.p..5.2Q^ ( 

33.000  ^ 

Where  Qi  is  the  volume  of  air  in  cubic  feet  per  minute  enter- 
ing the  blower,  and  Ha  is  the  dynamic  pressure  in  the  line, 
inches  of  water.  (5.2  is  the  pressure  in  pounds  per  cubic 
foot  equivalent  to  i  in.  of  water  head.) 

The  relation  of  the  inlet  volume  Qi  to  the  standard  volume 
Qis 

B.Q,     _        BQ       _    30Q 


460  4-  /j       460  +  60       520   ^     ^ 


or 


Q^      -^^Qi^^2+JA .(,,) 

^»        520         *        Bi  ^     "^ 

where  B^  and  t^  represent  the  barometric  pressure  and  the 
temperature  at  the  inlet  to  the  blower  in  inches  of  mercury 
and  degrees  Fahrenheit  respectively. 

Substitute  the  value  of  Q  in  equation  (19) 

Air  H.  P.  =  5-X_3og(46o+^)H^  ^  Q(46o+^ 
52oX33,oooB,  iio,oooB, 

A  method  for  the  graphical  solution  of  equation  22  is  given 
on  the  accompanying  diagram  No.  13. 
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Correction  for  Air  Inlet  Conditions, 

If  during  the  test  the  barometric  pressure  and  the  temper- 
ature of  the  air  at  the  inlet  to  the  blower  are  different  from 
those  specified  by  the  purchaser,  the  volume  discharged  by  the 
blower  and  the  static  pressure  are  subject  to  a  correction  cor- 
responding to  this  difference  of  pressure  and  temperature. 

This  correction  factor  is  the  ratio  of  the  air  density  at  the 
specified  conditions,  to  the  actual  density  of  the  air  at  the 
inlet  to  the  blower. 

-        R  B, 

^•'^»~46o  +  /,    •  460+/, ^""^^ 

and  the  correction  factor 

y       _  B,  (460  +  /,) 

^»-^-B,(46o  +  /,) ^'^^ 

Where  B^  and  is  are  the  specified,  and  Bj  and  f^  are  the  actual 
barometer  and  temperature  for  the  air  inlet  to  the  blower. 

Correction  for  Difference  in  Speed. 

Another  correction  may  be  necessary  during  the  test  if  the 
speed  of  the  blower  was  not  kept  the  same  as  the  one  speci- 
fied. By  reference  to  Fig.  5  of  this  work  it  will  be  noticed 
that  for  a  given  direction  of  the  air  from  the  blades,  the  radial 
velocity  varies  in  the  same  proportion  as  the  peripheral  velocity 
of  the  blades,  or  the  quantity  discharged  is  in  proportion  with 
the  speed  of  the  impeller.  The  pressure  developed  varies  with 
the  square  of  the  tangential  velocity,  or  with  the  square  of  the 
speed.  For  the  volume,  the  correction  factor  is  the  ratio  of  the 
specified  speed  to  the  actual  speed,  and  for  the  pressure  the 
factor  is  the  ratio  of  the  squares  of  the  same  speeds,  or 

/,  =  |i  and  /.-(/.) ' (25) 

Where/,  is  the  speed  correction  factor  for  volume,  and  /, 
is  the  speed  correction  factor  for  pressure;  R^  is  the  specified 
speed  of  the  impeller,  and  R  is  the  actual  speed,  both  in  revo- 
lutions per  minute.     It  is  advisable,  however,  to  avoid  the  use 
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of  these  factors  by  running  the  blower  at  the  speed  given  in 
the  specifications. 

The  amount  of  moisture  in  the  air  or  the  relative  humidity 
has  no  eflfect  upon  the  final  results  of  the  test,  as  any  diflFer- 
ence  in  humidity  corrects  one  way  at  the  inlet  to  the  blower 
and  the  opposite  way  at  the  outlet.  Since  the  absolute  amount 
of  moisture  present  in  the  air  does  not  change  by  going 
through  the  blower,  the  two  corrections  balance  each  other 
and  do  not  have  to  be  considered. 

Procedure  of  the  Test, 

The  procedure  of  the  test  is  as  follows:  The  blower  is 
started  to  operate  at  the  specified  speed.  The  pitot  tube  is 
inserted  in  the  pipe  preferably  at  a  distance  of  over  10  diam- 
eters from  an  elbow  or  bend  in  the  line.  For  more  accurate 
results  the  differential  gauge  should  be  of  the  inclined  type 
commonly  used  for  measuring  the  draft  in  boiler  furnaces. 
The  static  pressure  is  measured  by  a  water  gauge,  and  the 
amount  of  static  pressure  desired  is  adjusted  by  opening  or 
closing  the  outlet  from  the  pipe  into  the  atmosphere.  Several 
sets  of  readings  are  taken  at  desired  intervals  of  static  pres- 
sure, beginning  with  zero  discharge  of  the  blower,  and  ending 
with  a  pressure  a  few  inches  lower  than  the  one  specified  for 
the  rated  capacity  of  the  blower.  It  is  not  essential  to  take 
readings  for  the  exact  pressures  specified  for  the  rated 
capacity,  as  the  characteristic  curve  of  the  test  will  necessarily 
cross  that  point. 

Arrangement  of  Data  and  Results, 

In  running  a  test  in  general  it  is  advisable  to  label  each  item 
to  be  used  in  the  figuring  by  a  letter  mark  which  would  repre- 
sent the  same  item  throughout,  thereby  avoiding  a  great  deal 
of  repetition.  The  following  will  serve  as  a  guide  for  the 
figuring  of  the  blower  test  with  letter  marks  of  the  items  as 
employed  in  this  work. 
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Item 

Mmrk 

Stauds  for 

Equivalent  to 

I 

R. 

Rated  speed,  R.  P.  M. 

Specified 

2 

Q^ 

Rated  C.  F.  M. 

Specified 

3 

H. 

Pressure  inches  of  water 

at  rated  capacity 

Specified 

4 

B, 

Specified  barometer 

Specified 

5 

/. 

Specified  temp,  for  inlet  air 

Specified 

6 

w,. 

Steam  rating  for  turbine, 
pounds  per  brake  horse 

power 

Specified 

7 

R 

Actual  R.  P.  M. 

Average  data  from  log 
sheet 

8 

w, 

Steam  consumption  of  tur- 

Average data  from  log 

bine,  pounds  per  hour 

sheet 

9 

D 

Diameter  of  blast  pipe,  in. 

Given 

lO 

C 

Co-eflScient  of  pitot  tube 

Given 

II 

'. 

Room  temperature  °F. 

Average  data  from  log 
sheet 

12 

', 

Flow  temperature  ^'F. 

Average  data  from  log 
sheet 

13 

B. 

Barometer,  inches  mercury 

Average  data  from  log 
sheet 

14 

H, 

Static  pressure 

Average  data  from  log 
sheet 

15 

h 

Velocity  pressure 

Average  data  from  log 
sheet 

i6 

H, 

Dynamic  pressure 

H,  +  ^ 

17 

S 

Absolute  static,  inches 

B,  +  H.  ^-  13.6 

Q 

mercury 
Standard  C.  F.  M.  flowing 

18 

'"•■=<=°'Vi^-+ , 

through  the  blast  pipe 

(This  equation  can  be 

solved  graphically  by 

diagram  No.  12) 

19 

/. 

Air  inlet  factor 

B.(46o  +  /,) 
B.(46o  +  /,) 

20 

A 

Speed  correction  factor  for 

R, 

volume 

R 
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Item    Mark  Stands  for 

21  fi,         Speed  correction  factor  for 

pressure. 

22  Q/       Equivalent  volume 

23  H/      Equivalent  static  pressure 

24  AHP  Air  horse-power  of  blower 


25 


26 


BHP   Brake  horse-power 
e  Mechanical  eflSciency 


Bqtthraleot  to 

Q/t/. 

Q(46o  +  A)H, 

iio,oooBi 
(This  equation  can  be 
solved  graphically  by 
diagram  No.  13) 

W. 

AHP 

BHP 


1.325B, -f  H, -^13.6 


/A(46o  -i-  /,) 
^  S 


To  make  the  table  complete  it  may  be  well  to  include  the 
following  quantities;  however,  their  solution  is  not  necessary 
for  the  figures  of  the  test. 

Item    Mark  Stands  for  Bqaivaleotto 

27  G         Total  weight  of  air  in  0.0764Q 

pounds 

28  y.         Density  of  the  air  in  the 

blast  pipe  pounds  per  460  +  /, 

cubic  foot 

29  V,        Mean  velocity  of  the  air, 

feet  per  minute  954^ 

The  accompanying  table  shows  the  figures  of  a  typical  test 
for  the  case  of  our  illustration,  arranged  in  the  above  out- 
lined order.  Diagram  No.  14  shows  the  characteristic  curves 
plotted  from  the  figures  given  in  the  table.  The  curves  show 
that  the  blower  is  well  up  to  specification  and  that  practically 
the  same  efficiency  is  obtained  between  90  per  cent,  and  no 
per  cent,  of  rated  capacity. 

Regulating  the  Supply  of  Air  to  the  Generator. 

It  was  said  at  the  start  that  the  main  object  of  the  test 
should  be  to  determine  the  actual  performance  of  the  blower, 
and  to  make  certain  that  it  is  operated  at  all  times  on  the 
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proper  section  of  the  characteristic  curve.  In  order  to  accom- 
plish this  a  pair  of  home-made  pitot  tubes  is  inserted  in  the 
blast  pipe  before  the  nmning  of  the  test.  The  tubes  arc  to 
be  left  permanently  in  the  pipe  for  future  index  and  they  can 
be  either  of  the  single  opening  type  shown  in  Fig.  15,  or  of 


"i:::::!!!-^;    ::::  ::::± 

M                                                   ^- 

i             ^s 

M                                                                      N 

ii 

tM             U                                                                                ^ 

rro        P»                                                                      \ 

X                                             .._,.,_.       V. 

3                                                           > 

cw     -  j^w                                                                                                        ^          -i 

tff^tO&f*       —               -■■       ■     -                —    -        -■               \ 

z     S                                                                    i- 

t            y                                                                                                         ....             .    .-     .                                       |. 

5    S     •                                                         y 

^.-•CUB  Jf  14                                                         -                                        «/' 

«   J;    «                                      ^"^ 

SlM^M    S  It                                                                                                --^^              ..                                              1 

'     0     1                                            :5^ 

^jpoCwtio                                          ^i-s--^*"""**"""^*. 

h  u                 ^«s(^-'              ^-=^ 

U     M^,                              ^3°^ 

t                       ^^^ 
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^^^C                               d 

^     M        4         -^™|— 

M    »     e  -i 

f                                                                        ^ 

boo                _  j_                              ^ 

"~               DlSCHAftGe-clTM.                    ""^ 

Fig.  14.— Characteristic  curves  of  blower  test. 

the  multi-opening  type  shown  in  Fig.  16.  In  either  case  both 
tubes  are  identically  the  same,  but  one  is  pointed  against  the 
flow,  taking  in  the  total  or  dynamic  pressure,  the  other  is 
pointed  from  the  flow,  taking  in  the  static  pressure  diminished 
by  the  syphoning  action  of  the  flow  upon  the  openings  of  the 
tube.     By  arranging  the  tubes  in  this  manner  a  larger  diflter- 
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ential  pressure  is  obtained  for  the  same  velocity  in  the  pipe, 
and  this  differential  is  just  as  proportional  to  the  flow  of  air 
in  the  pipe  as  is  the  velocity  head  of  the  testing  pitot  tube. 
The  single  pitot  tubes  placed  in  the  center  will  give  the  highest 
differential  for  a  given  flow.  It  was  the  experience  of  the 
writer,  however,  that  the  multi-opening  tubes  are  more  posi- 


Fig'  15.— Single  opening  pair  of  pitot  lubes. 

tive;  they  can  be  relied  upon  with  greater  certainty,  and  they 
are  also  the  easiest  to  be  aligned  in  the  proper  direction. 

From  the  tubes,  pipe  connections  are  led  to  the  two  ends  of 
a  U  tube,  or  differential  water  gauge,  placed  at  the  gas  maker's 
desk.  Here  is  a  point  that  wants  to  be  impressed  very  emphat- 
ically :  There  should  be  no  trap  or  pocket  in  the  line  between 
the  tubes  and  the  water  gauge.    This  may  be  taken  as  a  rule 


Digitized  by  VjOOQIC 


652 


for  the  low  pressure  gauges  in  general,  that  it  is  better  not  to 
have  the  gauge  at  all  than  to  have  it  connected  so  that  a  pocket 
or  trap  for  water  may  be  formed  in  the  line.  This  is  espe- 
cially true  when  the  connections  are  led  from  condensable 
vapors. 

If  the  connections  from  the  tubes  to  the  differential  gauge 
are  air-tight  and  clear,  a  difference  in  height  of  the  water 
column  will  be  formed  in  the  gauge  in  proportion  to  the  flow 
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Fig.  16. — Multiopening  pair  of  pitot  tubes. 

of  air  in  the  pipe.  Approximately  the  coefficient  of  the  single 
opening  tubes  to  be  substituted  for  C  of  equation  17,  will  be 
about  0.73  and  the  coefficient  of  the  multi-opening  tubes  will 
be  about  0.75.  (Lines  for  these  two  values  of  C  are  given 
on  Diagram  No.  12.)  For  our  case,  however,  the  value  of  the 
coefficient  is  immaterial  because  the  tubes  are  to  be  used  only 
as  a  relative  index  of  the  flow  of  air  referred  to  the  volumes 
obtained  with  the  highest  efficiency  during  the  test.    If  desired, 
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corresponding  readings  can  be  taken  on  this  gauge  during  the 
test  and  a  calibration  curve  drawn  for  the  permanent  pitot 
tubes  to  read  directly  in  cubic  feet  of  air  for  the  height  of 
water  column  in  inches.  It  is  sufficient,  however,  to  note  the 
differential  column  of  the  permanent  pitot  tube  gauge,  only 
for  the  rated  volume  of  the  blower,  or  close  to  that  volume. 
The  diagram  on  Fig.  17  shows  the  per  cent,  of  variation  of 


'SCGTfOS*  AB, 


Fig.  17.  -Per  cent,  of  rated  capacity  corresponding  to  change  in  height  of 
differential  column. 

a  given  flow  corresponding  to  the  change  of  height  in  the 
differential  column  formed  by  any  given  type  of  pitot  tubes. 
The  diagram  is  layed  out  to  be  used  for  a  regular  U  tube 
water  gauge  with  a  zero  level  in  the  middle  of  the  tube,  and 
the  100  per  cent,  volume  lines  are  drawn  for  a  total  height 
from  2  in.  to  4  in.  of  water  column. 
When  the  differential  column  corresponding  to  the  rated 
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volume  of  the  blower  is  noted,  a  vertical  line  is  drawn  across 
the  diagram  at  a  point  to  make  the  distance  between  the  two 
ICO  per  cent,  volume  lines  equal  to  that  differential  column. 
This  is  illustrated  by  the  section  A-B  drawn  on  the  diagram 
and  forming  a  scale  reading  in  per  cent,  of  the  rated  or  desired 
volume  corresponding  to  the  differential  coliunn  h.  In  the 
same  manner  a  scale  for  any  other  differential  can  be  laid  out 
and  posted  on  the  rule  of  the  gauge  which  will  indicate  at  aH 
times  the  variation  of  tKe  flow  of  air  in  the  pipe. 

When  the  machine  is  started  in  operation,  the  differential 
gauge  of  the  pitot  tubes  will  indicate  at  once  the  relation  of 
the  actual  resistance  in  the  machine  to  the  volume  delivered 
by  the  blower  at  the  given  speed.  If  the  actual  resistance  is 
less  than  the  assumed  or  specified  resistance,  the  gauge  will 
show  a  higher  volume,  and  vice  versa,  if  the  actual  resistance 
is  higher  than  the  one  specified,  the  gauge  will  show  a  lower 
volume  than  the  rated  capacity  of  the  blower  at  the  rated 
speed.  In  either  case  the  per  cent,  of  volume  increased  or 
decreased  will  be  indicated  by  the  differential  gauge. 

With  the  characteristic  of  the  blower  to  vary  the  pressure 
and  the  volume  in  opposite  directions,  the  diflference  in  vol- 
ume will  be  insignificant  unless  the  assumed  resistance  of  the 
machine  was  very  much  different  than  the  actual.  If  this 
should  be  the  case  the  speed  of  the  blower  may  have  to  be 
changed  to  correspond  with  the  actual  resistance  and  the 
desired  volume  of  air  to  be  delivered.  The  change  of  speed 
will  also  change  the  volume  and,  therefore,  the  same  efficiency 
will  be  maintained  in  the  operation. 

The  indication  of  the  pitot  tube  diflferential  gauge  enables 
the  gas  maker  to  maintain  a  uniform  flow  of  air  into  the  gene- 
rator at  all  times.  If  a  considerable  change  is  noted  in  the 
column  it  will  be  traced  either  to  an  occasional  change  in  the 
speed  of  the  blower  or  to  an  abnormal  increase  of  resistance 
in  the  machine  which  can  be  removed  if  desired  or  the  speed 
of  the  blower  can  be  changed  to  deliver  the  desired  volume. 
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REGUI.ATING  THE  SUPPI^Y  OF   StRAM. 

Passing  now  to  the  regulation  of  steam  into  the  generator 
it  is  necessary  at  first  to  establish  a  relation  between  the 
amount  of  steam  and  the  amount  of  air  to  be  delivered  to  the 
machine. 

Basing  the  proportion  upon  the  make  of  i,ooo  cu.  ft.  of  gas, 
30  lbs.  of  steam  for  2,500  cu.  ft.  of  air  will  represent  a  fair 
average  in  operation.  If  the  blasting  and  the  running  periods 
are  4  minutes  each,  figuring  14,000  cu.  ft.  of  air  blast  per 

.      ,         ,  .,,         .       14,000  X  4  X  30        ,       ., 

minute  each  run  will  require,       —      -  =  672  lbs.  01 

2.500 

steam  per  run,  or  168  lbs.  per  minute  to  be  delivered  to  the 
generator. 

Measurement  of  Live  Steam, 
If  the  machine  is  operated  with  live  steam,  the  best  method 
of  measuring  and  regulating  the  steam  is  to  insert  in  the  pipe, 


Fig.  18.— Disc  orifice  for  measuring  live  steam. 

close  to  the  generator,  a  disc  with  an  orifice  of  a  known 
diameter.  The  orifice  should  be  well  rounded  on  the  inlet 
side  of  the  disc   (see  Fig.   18)  and  the  diameter  should  be 
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small  enough,  and  the  size  of  pipe  large  enou^,  to  build  up  a 
high  differential  pressure  between  the  2  sides  of  the  disc 
When  the  absolute  pressure  in  front  of  the  disc  is  more  than 
'/a  of  the  absolute  pressure  immediately  after  the  disc  the 
weight  of  steam  discharged  through  the  orifice  depends  upon 
the  initial  pressure  only,  and  for  a  given  size  of  orifice  the 
weight  of  steam  is  equal  to  a  constant  times  the  absolute 
initial  pressure.    The  equation  representing  this  relation  is: 

W  =-0.86  A  A (26> 

where  W  is  the  amount  of  steam  flowing  through  the  orifice 
in  pounds  per  minute. 
A  is  the  area  of  the  orifice  in  square  inches, 
/j  is  the  absolute  pressure  in  front  of  the  disc,  pounds 
per  square  inch.      For  a  given  orifice  equation  26 
takes  the  form  of 

W-CA  (27) 

where  C  is  equal  to  0.86  A  and  represents  pounds  of  steam  per 
minute  per  pound  absolute  initial  pressure.  The  fol- 
lowing table  gives  the  value  of  C  for  orifices  from  }4 
in.  to  ij^  in.  diameter. 

Orifice  }^           "/s,  '/,6          %  H 

Value  of  C 0.1685  0.193  0.214  0.238  0.264 

Orifice «/«  "/w  "/«            H  •*/« 

Value  of  C 0.291  0.319  0.349  0.380  0.412 

Orifice   "/,e  "/tt            ^             "/„  '^1. 

Value  of  C 0.446  0.481  0.517  0.554  0.593 

Orifice  »V«            I''  iV,«          lyi  I'/w 

Value  of  C 0.633  0.675  0.763  0.855  0.951 

Orifice   iH  iVie  iH  i'/i«  i« 

ValueofC- 1.055  1163  1.276  1.395  1.52 

Thus  it  is  a  very  simple  matter,  when  live  steam  is  used,  to 
measure  and  regulate  the  amount  supplied  to  the  generator. 
With  a  boiler  pressure  of  100  lbs.  gauge,  the  pressure  in  front 
of  the  disc  can  be  varied  from  80  lbs.  to  40  lbs.  and  still  have 
less  than  }i  of  the  absolute  pressure  immediately  after  the 
disc;  so  that  for  a  given  initial  pressure  the  supply  to  the 
generator  will  always  be  constant  irrespective  of  any  change 
produced  in  the  back  pressure  within  the  given  limit. 
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In  some  places,  where  live  steam  is  used,  the  up  and  down 
reversing  valve  is  made  to  be  also  the  steam  admission  valve 
for  the  run.  The  main  steam  valve  on  the  line  is  kept  piptn, 
being  regulated  to  show  the  desired  pressure  on  the  disc,  and 
this  valve  does  not  have  to  be  changed  unless  there  is  a  large 
variation  in  the  boiler  pressure,  or  a  change  is  desired  in  the 
supply  of  steam.  The  advantage  of  this  arrangement  is  that 
the  admission  valve  is  opened  with  a  single  movement  and  no 
time  is  spent  on  the  adjusting  of  the  steam  flow. 
Operating  with  Exhaust  Steam. 

From  our  point  of  view,  however,  the  use  of  live  steam  for 
the  gas  generator  will  soon  become  a  matter  of  the  past.  The 
success  they  have  met  in  Chicago  with  the  adoption  of  the 
superheated  exhaust  system  will  necessarily  be  duplicated  with 
still  higher  economy  in  places  where  boiler  fuel  is  more  ex- 
pensive than  in  Chicago.  Numerous  comparative  tests  be- 
tween live  steam  and  superheated  exhaust  for  the  generator 
have  shown  decidedly  that  in  the  latter  case  the  saving  in  boiler 
fuel  was  about  equal  to  the  amount  that  would  be  required  to 
generate  30  lbs.  of  steam  per  M  cu.  ft.  of  gas  produced,  while 
the  amount  of  fuel  consumed  by  the  superheater  is  very  little. 
(See  Proceedings  of  the  American  Gas  Institute  for  1913, 
Part  I,  pp.  358-366,  on  the  use  of  exhaust  steam  in  water 
gas  generators.) 

•  The  measurement  and  regulation  of  the  exhaust  steam  sup- 
ply to  the  generator,  a  problem  that  was  being  experimented 
on  for  the  last  2  years,  has  met  with  a  fair  degree  of  suc- 
cess at  present.  The  methods  that  have  been  employed  so  far 
will  be  discussed  briefly  for  comparison,  as  some  of  them  may 
be  more  successful  in  one  place  than  in  another. 

The  Disc  Orifice  for  a  Low  Differential  Pressure. 

At  first  a  disc  was  inserted  in  the  exhaust  steam  line,  similar 
to  the  one  used  on  live  steam  but  with  a  comparatively  much 
larger  orifice.  A  mercury  monometer  to  which  the  2  sides 
of  the  disc  were  connected  indicated  the  drop  of  pressure 
through  the  orifice.  The  steam  admission  valve  was  manip- 
42 


Digitized  by  VjOOQIC 


658 

ulated  to  keep  the  mercury  column  at  a  constant  height, 
thereby  insuring  a  uniform  flow  of  steam  mto  the  machine. 

When  the  ratio  between  the  pressures  in  front  and  in  bade 
of  the  disc  is  less  than  •/»>  the  amount  of  steam  flowing 
through  the  orifice  can  be  figured  irom  the  equation. 

W=  1.7  A  x/p.ip.'^p,) (28) 

where  w  is  the  flow  through  the  orifice  in  pounds  per  minute. 
A  is  the  area  of  the  orifice  in  square  inches, 
/i  is  the  initial  pressure,  pounds  per  square  inch  absolute 
pj  is  the  final  pressure  pounds  per  square  inch  absolute. 
For  the  conditions  of  exhaust  steam  />,  can  be  considered 
nearly  constant  with  an  approximate  value  of  16  lbs.  abso- 
lute.    If  H«  is  the  height  of  the  mercury  column,  in  inches, 
balancing  the  drop  of  pressure  through  the  orifice,  then  /^j-^, 
=  0.49  Hm»  and  equation  28  is  changed  to  the  form  of : 

W  =  4.82  A  ]  HiH (29) 

with  the  notations  as  above. 

The  main  objection  to  this  method  is  the  additional  back 
pressure  on  the  machinery  of  the  plant  caused  by  the  drop  of 
pressure  through  the  orifice.  To  make  the  results  fairly  ac- 
curate a  diflferential  of  at  least  2  in.  of  mercury  would  be 
required,  which  means  i  extra  pound  of  back  pressure  on  the 
exhaust  steam  line  at  all  times. 

Regulating  the  Steam  Supply  by  the  Drop  of  Pressure 
Through  the  Machine. 

In  one  instance  where  the  exhaust  steam  to  the  generators 
was  being  gauged  by  opening  the  admission  valve  to  a  given 
mark,  the  change  from  this  to  running  by  a  differential  gat^ 
indicating  the  drop  of  pressure  through  the  machine,  had 
shown  a  decided  improvement  in  the  results  of  the  operation. 
At  first  it  was  desired  to  illustrate  the  changes  produced  in 
generator  pressures,  and  the  variation  of  the  flow  when  several 
machines  are  being  operated  on  the  same  line.  For  the  pur- 
pose of  comparison,  pressure  readings  were  taken  of  the  var- 
ious compartments  of  a  machine,  first,  when  running  by  itself, 
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then  2  successive  runs  with  4  machines  in  operation.  Of  the 
last  2  runs,  in  the  first  run  the  4  machines  were  started  at 
intervals  of  i  minute,  one  after  another ;  in  the  second  run  all 
4  machines  were  started  simultaneously. 

When  these  pressures  were  plotted  against  the  time,  (see 
Figs.  19  and  20)  it  was  noticed  that  in  either  case  the  uni- 
form operation,  or  the  run  when  no  change  was  made  in  the 
number  of  machines  running,  is  marked  by  a  uniform  drop 
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Fig.  19.— Run  with  superheated  exhaust  steam,  i  machine  in  operation. 

of  pressure  between  the  different  compartments  of  the  machine. 
From  this  it  was  inferred  that  if  a  uniform  drop  of  pressure 
were  kept  between  2  compartments  of  the  machine  it  would 
result  in  a  uniform  operation  irrespective  of  the  changes  in 
the  number  of  machines  running. 

Accordingly,  a  differential  water  gauge  was  connected 
between  the  bottom  of  the  generator  and  the  inlet  to  the  seal 
on  each  machine,  and  the  gas  makers  were  instructed  to  regu- 
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late  the  steam  admission  valve  so  as  to  maintain  a  given  differ- 
ential pressure  during  the  run.     It  was  found  after,  diat  the 


.,     a    «     ^ 


only  time  the  steam  valve  required  adjustment  was  when  an 
other  machine  went  on  or  off  the  run,  as  it  could  be  expected. 
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It  is  understood  that  with  this  method  of  r^^lation  nothing 
can  be  obtained  in  the  way  of  measuring  the  steam  supplied 
to  the  generator.  In  general  the  method  can  be  used  with  a 
great  deal  of  discretion  only  as  an  index  to  readjust  the  flow 
when  another  machine  is  coming  off  or  on  the  run.  All  that 
can  be  said  about  the  method  is  that  it  is  more  efficient  than 
running  by  the  valve  opening  to  a  given  mark,  or  by  main- 
taining a  constant  pressure  at  the  bottom  of  the  generator. 
After  the  pitot  tube  device  (given  in  the  following  chapter,) 
was  introduced  as  a  means  to  measure  and  regulate  the  steam 
flow  to  the  generator,  this  differential  gauge  was  also  retained 
to  indicate  the  pressure  drop  through  the  machine  for  a  given 
flow  of  steam.  By  this  means  it  can  be  found  out  when  a 
machine  is  blocked  up  by  an  abnormal  resistance  and  has  to 
be  cleaned  or  recheckered. 

The  Pitot  Tubes  and  Differential  Gauge  as  a 
Steam  Meter, 

For  the  last  2  years  experiments  were  carried  on  with 
various  forms  of  pitot  tubes  in  the  endeavor  to  design  a 
meter  suitable  for  the  measurement  of  exhaust  steam  to  the 
generators.  The  pitot  tube  as  a  steam  meter  had  been  used 
by  the  trade  successfully  for  a  number  of  years.  However, 
none  of  the  instruments  on  the  market  could  be  applied  to  our 
lines  which  were  placed  under  the  operating  floor,  because  all 
meters  are  so  designed  that  they  cannot  be  operated  when 
placed  at  a  higher  level  than  the  steam  line.  It  was  necessary, 
therefore,  to  work  out  an  arrangement  of  transmitting  the 
vapor  pressure  to  the  differential  gauge  directly,  as  if  it  were 
for  air  or  gas.  After  a  niunber  of  failures,  the  following 
arrangement  had  proved  very  successful,  and  had  been  passed 
upon  as  the  best  method  for  measuring  and  regulating  the 
amount  of  exhaust  steam  supplied  to  the  generator. 

Referring  to  Fig  2i,  the  pitot  tubes  inserted  in  the  steam 
line  are  of  the  same  multi-opening  type  as  those  of  Fig.  16, 
used  for  air  or  gas  measurement.  The  tubes  are  inserted 
from  the  top  of  the  pipe,  and  in  the  plugged  end  of  each  tube 
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a   small  opening  is  provided   for  draining  the  condensation 
back  into  the  line. 

From  the  tubes,  J4  in.  pipe  leads,  with  large  radius  bends, 
are  carried  on  an  incline  to  a  differential  water  gauge  placed 
against  the  gas  maker's  desk.  Care  must  be  taken  that  the 
gauge  glass  and  fittings  should  be  perfectly  tight  in  order  to 
trap  the  cold  air  in  the  pipes  and  to  prevent  the  condensation 
from  filling  up  the  gauge  glasses. 

The  impact  of  the  flow  upon  the  openings  of  the  front  tube, 
combined  with  the  syphoning  produced  upon  the  openings  of 
the  back  tube,  result  in  the  differential  column  h  shown  on 
the  gauge  glass.  Applying  equation  9,  which  is  general  for  all 
fluids,  we  have — 

V  =  i,098cV— (30) 

and 

G  =  VAy  =  i,098CAk^ (31) 

where  V,  is  the  velocity  of  the  steam  in  feet  per  minute; 

A,  is  the  height  of  the  water  column  in  inches; 

y,  is  the  density  of  the  steam  in  pounds  per  cubic  foot; 

G,  is  the  weight  of  the  steam  flowing  through  the  pipe 
in  pounds  per  minute; 

A,  is  the  area  of  the  pipe  in  square  feet, 
and      C,  is  the  coefficient  of  the  tubes. 

For  a  pipe  of  diameter  D  in  inches. 

G  =  ^-098  ><  0.7854   CDVA7  =  5.99CDM/^  (32) 

The  coeflScient  of  the  tubes  is  approximately  0.75,  and  for  a 
given  diameter  of  pipe,  say  8  in. 

G  =  5-99  X  64  X  0.751  ^  ="  287v/:57 (33) 

The  value  of  y  or  the  density  of  the  steam  at  the  given 
pressure  and  superheat  can  be  taken  from  steam  tables.  For 
a  pressure  of  3  lbs.  gauge  and  400°  F.  temperature  of  the 
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STEAM  PRESSURC.  POUNDS  GAUOE 

Fig.  22.— Chart  for'8-in.  pipe.    Read  pounds  per  minute.    For  U-tube. 
Steam  superheated  to  400  degrees  F. 
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STEAM  PRESSURE   P0UM03  GAUGE 

Fig.  23. —Chart  for  8-in.  pipe.    Read  pounds  per  minute.     For  single 
tube.    Steam  superheated  to  400  degrees  F. 
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steam,  y  is  equal  to  0.0347  and  equation  33  is  reduced  to  the 
form  of — 

G  =  5351/^    (34) 

Fig.  22  shows  a  diagrammatic  scale,  or  chart,  designed 
according  to  equation  33,  for  a  U-tube  differential  gauge  indi- 
cating the  flow  in  an  8  in.  steam  pipe  for  pressures  of  the 
steam  between  zero  and  10  lbs.  gauge.  For  a  small  variation 
of  pressure  the  proper  section  of  the  diagram  is  attached  to 
the  scale  between  the  glasses,  and  instead  of  inches  of  water, 
pounds  of  steam  per  minute  are  read  directly  from  the  differ- 
ential water  column. 

Fig.  23  shows  the  same  chart  designed  for  a  single  column 
differential  gauge  which  is  more  convenient  for  indicating 
the  amount  of  flow,  though,  on  account  of  the  variation  in 
the  zero  level,  it  is  not  as  accurate  as  the  U-tube  gauge.  For 
any  other  size  of  steam  pipe,  the  kind  of  chart  desired  can  be 
made  up  in  a  similar  manner. 

In  conclusion  it  may  be  stated  that  while  the  Pitot  tube  in 
general  is  an  instrument  that  is  subject  to  local  irregularities 
requiring  calibration  for  each  given  case,  it  is  the  ideal  guide 
for  regulating  the  air  blast  and  the  steam  supply  to  the  water 
gas  generator. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Mr. 
R.  N.  Davis  and  Mr.  C.  E.  Reinicker  for  valuable  suggestions 
and  information  on  the  subject,  and  to  Mr.  S.  A.  Reinhardt 
for  efficient  help  in  performing  the  experiments  connected 
with  this  work 

(Mr.  Spitzglass  read  an  abstract  of  his  paper.) 
The  Acting  Chairman:     We  have  a  written  discussion 
from  Mr.  Moss  which  the  Secretary  will  read. 

Mr.  S.  a.  Moss  (Lynn,  Mass.)  :  (Written  discussion  com- 
municated.) It  must  be  understood  that  the  general  formulas 
given  for  pressure  produced  by  centrifugal  force  in  a  blower, 
etc.,  apply  more  particularly  to  the  ordinary  fan  blower,  and 
are  only  roughly  true  for  the  more  refined  apparatus  for  pro- 
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ducing  higher  pressures,  called  the  "centrifugal  compressor." 
In  these  machines,  used  mostly  for  high  pressures,  the  com- 
pression of  the  air  is  an  important  item,  and  compression  action 
must  be  secured.  This  effect  is  not  large  for  the  pressures 
used  in  water  gas  work.  Nevertheless,  centrifugal  compressors 
for  such  work,  designed  on  the  same  basis  as  centrifugal  com- 
pressors for  higher  pressures,  give  higher  efficiencies  than 
possible  with  the  common  fan  blowers. 

Mr.  Spitzglass  gives  a  number  of  characteristic  curves  for 
different  types  of  blowers.  It  must  be  emphasized  that  each 
such  curve  is  for  constant  speed,  and  in  order  to  secure  it, 
there  must  be  some  type  of  governor.  That  is  to  say,  the 
characteristic  curves  which  are  given  are  not  inherent  char- 
acteristics of  a  blower  itself,  but  are  characteristics  of  a  com- 
plete machine,  including  a  turbine  governor  or  electric  motor 
winding,  so  arranged  that  the  speed  of  the  shaft  is  constant. 
In  the  case  of  turbine  drive  it  is  easy  to  arrange  for  a  gov- 
ernor not  controlled  by  the  speed  of  the  shaft,  but  controlled 
by  the  volume  of  air  being  delivered,  of  the  pressure  of  air 
being  delivered,  or  by  the  volume  of  primary  air,  etc.  Similar 
results  not  giving  so  much  flexibility,  however,  can  be  secured 
by  arrangement  of  the  n\otor  field  windings,  such  as  by  the 
use  of  series  windings  instead  of  shunt  windings,  etc.  In  other 
words,  the  constant  speed  characteristic,  which  seems  to  be 
assumed  as  the  primary  characteristic  of  all  blowers  is  not  at 
all  inherent.  Hence,  instead  of  having  a  constant  speed  gov- 
ernor and  then  arranging  the  impeller  angles  and  vanes  so  as 
to  give  a  characteristic  to  suit  the  water  gas  generator,  the 
governor  can  be  arranged  to  operate  so  as  to  directly  give  con- 
stant pressure  or  constant  volume.  Without  taking  the  space 
for  detailed  description,  it  can  be  stated  that  a  complete  system 
of  governing  can  be  very  easily  applied  to  water  gas  work  so 
as  to  give  any  desired  characteristic.  This  wholly  omits  the 
use  of  a  speed  governor  to  give  the  constant  speed  character- 
istics to  be  afterwards  corrected.  The  system  involves  the  use 
of  single  centrifugal  compressor  for  delivering  both  primary 
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and  secondary  air,  with  governing  systems  to  give  desired 
characteristics  of  each  flow  independently.  The  arrangement 
may  be  to  give  constant  rate  of  flow  of  primary  air  with  pro- 
vision for  hand  r^^lation  of  secondary  air,  or  there  may  be 
independent  governors  so  as  to  give  constant  rate  of  flow  of 
both  primary  and  secondary  air,  or  there  may  be  governors  to 
give  constant  rate  of  flow  of  primary  air  and  increasing  rate 
of  flow  of  secondary  air,  according  to  any  predetermined 
characteristic. 

It  is  to  be  remarked  that  Mr.  Spitzglass'  idea  of  trying  to 
compromise  a  blower  characteristic  so  as  to  roughly  suit  the 
water  gas  generator  requirements,  and  then  trying  to  arrange 
the  actual  operation  of  the  blower  so  that  it  works  at  the  right 
point  on  the  characteristic  curve,  involves  very  serious  diffi- 
culties. 

As  one  of  the  specifications  of  a  blower,  Mr.  Spitzglass 
gives  the  revolutions  per  minute.  This  is  really  not  an  essential 
item,  for  the  reasons  above  mentioned,  with  a  blower  which 
has  a  proper  governing  arrangement. 

Mr.  Spitzglass  also  gives  as  specifications  for  a  steam  driven 
blpwer  both  the  mechanical  efficiency  of  the  blower  and  the 
steam  consumption  of  the  turbine  per  brake  horse-power.  The 
buyer  of  a  blower  is  really  interested  in  the  over-all  perform- 
ance, such  as  shown  by  the  steam  consiunption  in  pounds  for 
a  specified  air  delivery,  and  is  not  particularly  interested  in 
the  independent  performance  of  the  blower  and  turbine. 
Hence,  the  buyer  need  not  go  to  the  trouble  of  making  speci- 
fications and  tests  except  for  the  over-all  efficiency. 

Mr.  Spitzglass  very  properly  gives  considerable  space  to  the 
importance  of  determining  the  exact  values  for  the  rated  pres- 
sure and  volume  of  the  blower.  Many  cases  can  be  cited  where 
blowers  have  been  selected  for  water  gas  generators  with  rated 
volumes,  which  turn  out  to  be  greatly  different  from  the  vol- 
umes actually  used  when  machines  were  installed.  It  is,  of 
course,  highly  desirable  to  avoid  such  discrepancies. 

Mr.  Spitzglass  devotes  considerable  space  to  measurement 
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of  air  flowing  at  low  velocity  in  a  pipe.  It  is,  of  course,  well 
known  that  such  measurements  are  exceedingly  difficult.  The 
differential  pressure  shown  by  the  Pitot  tube  is  an  exceedingly 
small  quantity,  and  it  is  very  difficult  to  compute  the  total 
volume  from  it,  particularly  when  the  velocity  varies  in  differ- 
ent  parts  of  the  pipe,  as  is  mentioned.  A  much  more  satis- 
factory plan  is  to  test  the  blower  independently  of  its  operation 
on  the  gas  generator,  and  waste  the  air  by  discharging  it 
through  a  measuring  orifice.  Then  the  full  discharge  pressure 
of  the  blower  can  be  used  as  pressure  on  the  measuring  orifice, 
giving  a  quantity  which  is  very  easy  to  observe  accurately.  In 
other  words,  measurement  of  air  flowing  in  pipes  should  be 
avoided  whenever  possible. 

Mr.  J.  H.  Taussig  (Philadelphia) :  I  should  like  to  say 
that  Mr.  Spitzglass  deserves  a  great  deal  of  credit  for  his 
clear  paper  on  blowers  and  the  measurement  of  air  and  steam. 
I  think  one  need  only  to  glance  at  the  paper  to  see  the  great 
amount  of  work  he  must  have  done  in  this  line.  He  has  opened 
up  a  subject  in  the  regulation  of  blowers  and  the  keeping  of 
conditions  on  a  water  gas  generator, — at  least,  he  has  dealt  in 
a  subject  that  we  are  very  much  interested  in,  and  I  think  a 
careful  study  of  this  paper  will  do  us  all  a  great  deal  of  good. 

Mr.  J.  A.  Perry  (Philadelphia)  :  I  do  not  believe  a  blower 
should  be  bought  without  specifications,  and  accepted,  without 
a  test  to  see  that  the  specifications  are  lived  up  to.  I  think  it 
was  suggested  here  that  we  have  standard  specifications  for 
testing  blowers,  and  I  think  that  ought  to  be  referred  for 
further  action  during  the  coming  year,  so  that  we  may  have 
those  standard  specifications  for  testing  before  we  accept  the 
blowers. 

The  Acting  Chairman  :  Do  you  wish  to  make  a  motion 
that  a  recommendation  be  made  to  the  incoming  Technical 
Committee  to  that  eflfect  ? 

Mr.  Perry:    Yes,  sir. 

Mr.  Rollin  Norris  (Philadelphia)  :    I  second  the  motion. 

Mr.  G.  I.  Vincent  (Des  Moines)  :    I  think  we  ought  to  add 
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to  that  the  standardization  of  the  Pitot  tube.  If  it  is  true,  as 
has  been  explained  in  Mr.  Spitzglass'  paper,  that  the  Amer- 
ican Blower  Company,  and  the  Empire  and  Taylor  and  other 
tubes  do  not  have  a  constant  co-efficient,  I  think  we  should  find 
out  something  a  little  more  definite  than  we  know  now.  Mr. 
Spitzglass*  development  of  the  theory  of  the  Pitot  tube  is 
certainly  better  than  I  have  ever  seen.  It  is  very  clear  and 
very  concise,  and  covers  the  subject  thoroughly.  Mr.  Spitz- 
glass*  statement  that  he  had  succeeded  in  developing  a  Pitot 
tube  that  did  have  a  constant  coefficient  seems  to  be  very 
interesting  indeed,  and  ought  to  be  taken  up  further  by  this 
organization;  so,  with  the  permission  of  the  maker  of  the 
motion,  I  should  like  to  add  to  the  motion,  if  it  is  in  order, 
that  the  standardization  of  the  Pitot  tube  be  included  in  the 
other  work. 

The  Acting  Chairman  :  It  is.  The  motion  is  made  that 
the  standardization  of  the  Pitot  tube  be  included,  and  I  under- 
stand the  maker  of  the  first  motion  accepts  the  amendment  It 
has  been  moved  and  seconded  that  a  recommendation  be  sent 
to  the  incoming  Technical  Committee  for  the  preparation  of 
standard  methods  of  testing  blowers,  and  that  the  standardiza- 
tion of  the  Pitot  tube  be  taken  up  this  coming  year  if  possible. 
All  those  in  favor  of  that  motion,  answer  in  the  usual  manner. 
(Ayes.)  Opposed.  (No  response.)  It  is  carried.  We  have 
a  written  discussion  from  Mr.  Hunter,  which  the  Secretary 
will  read. 

Mr.  J.  F.  Hunter  (New  York)  :  (Written  discussion  com- 
municated.) I  think  Mr.  Spitzglass  should  have  the  thanks  of 
the  members  of  the  Institute  for  his  excellent  paper,  calling 
attention  to  a  very  important,  but  frequently  neglected,  element 
in  the  making  of  water  gas. 

In  commenting  on  this  paper,  I  propose  to  pass  over  the 
theoretical  discussion,  except  that  I  desire  to  call  attention  to 
the  fact  that  in  determining  the  weight  of  air  moved,  Mr. 
Spitzglass  has  not  included  the  necessary  correction  for  humid- 
ity. This  correction  would  not  materially  aflfect  the  results  and 
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could  be  omitted  in  a  test  made  under  the  conditions  described 
in  his  paper. 

In  describing  the  method  to  be  used  for  determining  the 
capacity  required  for  the  fan,  Mr.  Spitzglass  uses  as  the  basis 
of  his  calculations,  the  make  per  square  foot  of  grate  per  hour 
"of  actual  operation  (blowing,  gas  making  and  charging)." 
This  does  not  take  account  of  the  time  lost  in  cleaning  the 
generators,  and  gives  a  figure  that  cannot  be  used  in  compari- 
son with  the  results  obtained  in  other  plants  unless  the  clean- 
ing time  is  known.  It  is  our  practice  to  divide  the  total  make 
per  square  foot  of  grate  per  day  by  24  to  determine  this  factor, 
and  the  figure  obtained  is  directly  comparable  without  further 
modification.  When  the  make  is  stated  in  this  way,  in  order 
to  produce  Mr.  Spitzglass'  figures,  it  will  be  necessary  to  mul- 

tiply  it  by  the  fraction  -^  ,  where  X  equals  the  hours  of  actual 

operation. 

Passing  on  to  the  practical  considerations,  I  cannot  agree 
with  Mr.  Spitzglass  that  the  acceptance  test  for  blowers  should 
be  made  in  actual  service.  From  a  commercial  standpoint,  I 
believe  the  fan  builders  would  be  unwilling  to  delay  the  accept- 
ance and  final  payment  for  their  apparatus  until  such  a  test  is 
possible,  as  in  many  cases,  particularly  in  extensions  or  new 
plants,  the  blowers  are  delivered  and  installed  weeks  before 
the  generators  are  ready  to  operate. 

When  the  water  gas  machines  are  equipped  with  individual 
blowers,  the  blowers  are  located  as  close  to  the  generators  as 
possible.  The  blast  pipes,  particularly  the  larger  sizes,  are 
usually  made  up  with  riveted  lap  joints,  which,  with  the  bends 
and  outlets,  introduce  eddy  currents  and  friction  losses.  As 
Mr.  Spitzglass  points  out,  the  resistance  of  the  fire  bed  is  con- 
stantly changing,  and  as  the  period  of  operation  is  short,  I  feel 
that  under  service  conditions,  a  test  for  acceptance,  which 
would  be  satisfactory  to  the  builder  and  to  the  purchaser,  is 
practically  impossible  in  the  majority  of  plants. 

I  believe  a  better  way  would  be  to  specify  that  the  fan 
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builder  shall*  assemble  the  complete  unit  and  run  a  test  at  the 
factory  in  the  presence  of  a  representative  of  the  purchaser 
and  of  the  builder  of  the  engine  or  motor.  The  characteristic 
curve  of  the  fan  should  be  plotted  and  submitted  with  the 
report.  A  test  made  under  these  conditions  permits  the  accu- 
rate determination  of  the  power  input  of  the  driving  mechan- 
ism, as  the  conditions  can  be  controlled  and  held  constant  for 
any  desired  period.  With  the  complete  data  in  r^[ard  to  the 
fan  and  driving  mechanism  previously  determined,  the  point 
on  the  characteristic  curve  at  which  the  fan  operates  can 
readily  be  ascertained  after  installation,  with  sufficient  accuraqr 
for  all  practical  purposes;  and  adjustments  of  this  location 
can  then  be  made  by  altering  the  speed. 
'  When  the  test  is  to  be  made  at  the  factory,  the  method  to  be 
used  should  be  stated  in  the  specifications.  The  most  con- 
servative method,  that  is,  in  favor  of  the  buyer,  is  known  as 
the  Navy  or  Taylor  method,  and  is  made  practically  as 
described  by  Mr.  Spitzglass,  using  the  Taylor  Pitot  tube.  This 
method  requires  the  location  of  the  Pitot  tube  to  be  not  less 
than  20  diameters  of  the  pipe  from  the  fan.  The  pressure  in 
the  discharge  pipe  is  controlled  by  a  valve  at  the  end. 

Another  method  which  is  frequently  used  is  that  in  which 
the  air  is  discharged  into  the  atmosphere  through  a  converging 
nozzle  attached  directly  to  the  fan  outlet.  The  Pitot  tube  is 
placed  at  the  orifice,  at  which  point  all  of  the  energy  is  trans- 
formed into  velocity.  The  pressure  against  which  the  fan 
operates  is  controlled  by  varying  the  size  of  the  orifice.  The 
proper  corrections  must  be  made  for  the  varying  co-efficients 
of  discharge  for  converging  nozzles. 

The  Acting  Chairman  :  Is  there  any  additional  discussion 
on  this  paper?    (No  response.)   Mr.  Spitzglass,  will  you  close? 

Mr.  Spitzglass:  We  will  take  up  the  discussion  by  Mr. 
Moss.  He  discussed  the  paper,  of  course,  from  the  manufac- 
turers' point  of  view,  and  it  is  very  encouraging,  for  the  pur- 
pose of  the  paper,  which  was  mainly  to  bring  about  a  better 
understanding  between  the  maker  and  the  user  of  the  ccntrif- 
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ugal  blower.  Indeed,  I  was  very  glad  to  see  Mr.  Moss  send 
in  a  discussion,  showing  that  it  already  appealed  to  one  of  the 
manufacturers. 

Regarding  his  first  point,  about  the  general  formula  apply- 
ing more  particularly  to  the  fan  blower,  I  would  say  that  the 
opposite  is  true.  Since  the  "refined  apparatus"  transmits  more 
velocity  energy  into  pressure,  the  results  should  correspond 
closer  with  the  general  formula.  Unless  Mr.  Moss  is  "bf  the 
old  school  that  were  trying  to  prove  that  the  theoretical  head 

of  the  centrifugal  blower  is  only  one-half  of  —  .     That  point 

was  argued  for  a  long  time, — whether  the  theoretical  head  of 

the  centrifugal  blower  is  —  or  —  .     After  the  explanation  I 

have  given  in  the  first  chapters  of  the  paper,  concerning  the 
pressure  energy  and  velocity  energy,  there  should  be  no  mis- 
understanding in  the  applications  of  the  general  formula. 

His  second  point, — about  the  characteristic  curves, — that  they 
are  only  for  constant  speed,  is  correct,  and  that  is  what  I  have 
repeated  many  times  in  the  paper.  But  those  characteristics 
certainly  are  inherent  to  the  blower  as  far  as  the  relation  of 
the  pressure  and  the  volume  is  concerned,  while  the  speed  is 
only  a  condition  which  is  taken  care  of  by  the  speed  regulator. 

Mr.  Moss  advises  the  use  of  a  constant  voluftie  regulator 
instead  of  a  constant  speed  regulator.  The  question  is,  how- 
ever, whether  we  want  a  constant  volume  for  blasting  the  gas 
machine.  To  my  opinion,  a  constant  volume  is  not  economical 
because  you  can  not  utilize  your  blower  and  the  whole  ap- 
paratus to  the  full  advantage.  Mr.  Moss  states  that  my  idea 
of  compromising  characteristics  to  suit  the  requirements  of 
the  operation  involves  "very  serious  difficulties."  Well,  we 
have  been  running  without  any  compromising  for  many  years, 
and  we  never  ran  into  any  "very  serious  difficulties,"  so  that 
there  is  no  danger  in  that.  (Laughter.)  Mr.  Moss  remarks 
that  the  speed  of  a  blower  is  not  essential.  Well,  I  said  that 
the  speed  is  usually  given  by  the  manufacturer,  then  you  can 
43 
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check  it  yourself.  It  is  not  very  essential,  if  you  let  him  do  it. 
(Laughter.)  But,  at  the  same  time,  the  manufacturer  should 
be  held  responsible  upon  a  certain  speed,  to  have  the  pressure 
and  the  volume  specified  at  that  speed.  At  times,  on  testing 
the  blower,  the  pressure  or  the  volume  is  not  up  to  specifica- 
tions. "Speed  it  up  a  little."  Yes,  speed  it  up, — ^you  need 
some  power  to  do  that.    (Laughter.) 

Regarding  the  efficiency,  Mr.  Moss  mentions  that  it  should 
be  over-all  efficiency.  I  have  said  that  in  the  paper, — I  said 
that  in  order  to  be  of  any  value,  the  efficiency  should  include 
the  drive  also,  but  I  have  given  it  in  general  terms.  The 
efficiency  should  be  the  air  horse-power  divided  by  the  steam 
horse-power,  then  you  know  what  it  is.  Mr.  Moss  advises 
that  we  should  make  the  efficiency  read  so  many  cubic  feet  of 
air  for  so  many  pounds  of  steam.  But  how  could  you  com- 
pare one  case  with  another,  where  the  pressure  is  diflferent,  and 
consequently  the  cubic  foot  is  different.  How  would  you 
know  in  general  whether  so  many  cubic  feet  for  so  many 
pounds  of  steam  is  high  or  Ipw  efficiency,  unless  you  would 
resort  to  dividing  the  output  by  the  input  in  the  same  general 
unit.  To  specify  cubic  feet  of  air  per  pound  of  steam  would 
be  the  same  as  to  sell  grain  for  cattle,  as  they  used  to  do  in 
olden  times. 

About  the  testing  of  the  blower,  if  it  is  understood  that  I 
meant  the  testing  should  be  done  after  the  blower  is  all  con- 
nected and  operating  on  the  generator,  then  I  will  take  it  back. 
I  did  not  mean  that.  I  meant  the  blower  should  be  tested  in 
a  way  that  can  be  checked  during  the  actual  operation.  If 
during  the  operation  you  see  that  the  amount  of  air  is  dimin- 
ished, you  know  that  either  the  resistance  of  the  machine  is 
increased  or  the  speed  of  the  blower  is  diminished,  and  yoa 
act  accordingly. 

Mr.  Hunter  brought  up  the  question  of  humidity.  I  ex- 
plained that  the  humidity  does  not  enter  into  the  figuring. 
The  amount  of  moisture  contained  in  the  air  at  the  inlet  to 
the  blower  will  remain  materially  the  same  in  the  discharge 
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from  the  blower.  If  the  figuring  should  be  done  on  the  basis 
of  dry  air,  the  correction  on  the  inlet  air  would  credit  the 
blower  for  the  partial  pressure  of  the  moisture,  and  the  cor- 
rection on  the  discharge  would  debit  the  blower  for  the  same 
quantity.  Since  the  absolute  amount  of  moisture  present  in 
the  air  does  not  change  by  going  through  the  blower,  the  two 
corrections  balance  each  other  and  do  not  have  to  be  con- 
sidered. 

About  the  make  per  square  foot,  I  would  say  that  the  object 
of  the  paper  is,  as  I  said,  "Methods  and  Facilities."  I  did  not 
mean  the  given  data  to  represent  good  or  bad  practice.  I  took 
it  at  random,  merely  to  illustrate  the  case. 

About  the  method  of  measuring  the  volume  of  air,  I  have 
given  enough  reasons  in  the  paper  for  selecting  the  Pitot  tube. 
Those  reasons  were  even  sufficient  to  overbalance  the  un- 
certainties about  the  accurate  application  of  the  Pitot  tube  as 
it  was  generally  known  at  that  time.  Since  I  have  written  the 
paper,  I  have  succeeded  in  working  out  an  equal-area  Pitot 
tube  of  a  very  practical  form,  and  which,  according  to  the  tests 
I  have  made  recently,  shows  more  accurate  results  than  any- 
thing that  has  been  used  before.  With  that  tube,  it  is  not 
necessary  to  go  to  the  trouble  of  traversing  the  pipe  for  the 
different  velocities,  and  it  is  so  constructed  that  it  does  away 
with  all  the  uncertainties  in  the  applications  of  the  other 
Pitot  tubes.  Here  I  have  a  diagram  (Fig.  i)  showing  the 
results  of  the  tests  I  have  made  on  this  equal-area  tube,  and 
also  on  a  Taylor  tube,  which  is  mentioned  in  the  paper  in  con- 
nection with  the  test  made  by  Mr.  Rowse.  The  Taylor  tube 
is  supposed  to  have  a  co-efficient  of  0.91  for  the  discharge,  and 
as  you  will  see  from  the  curve,  it  is  close  to  that  co-efficient  on 
the  i6-in  vertical  pipe.  On  the  12-in.  horizontal  pipe,  the  co- 
efficient is  quite  different,  due  to  the  fact  that  in  the  horizontal 
pipe  the  center  of  the  pipe  may  not  have  the  maximum  flow. 
This  error  does  not  come  in  my  equal-area  tube,  and  as  you 
will  see  from  the  curves,  the  co-efficient  of  the  equal-area  tube 
is  the  same  for  both  sizes,  vertical  and  horizontal,  and  it  runs 
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almost  constant  between  0.80  and  0.81  for  all  velocities.  We 
will  have  a  chance  to  dwell  on  this  subject  again  in  discussing 
the  next  paper  on  the  measurement  of  gas  in  large  volumes. 


u 

'£ 


About  the  suggestion  of  standardizing  the  tube  in  con- 
nection with  the  method  of  testing  blowers,  I  would  say  that  if 
the  case  is  taken  up  by  a  committee  of  the  Institute,  I  believe 
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that  our  company  will  give  the  assistance  necessary  for  ad- 
vancing this  work. 

I  thank  you. 

Mr.  G.  T.  Macbeth  (Mount  Vernon,  N.  Y.) :  I  move  that 
a  vote  of  thanks  be  given  to  Mr.  Spitzglass  for  his  paper, 
expressing  to  him  our  appreciation  of  the  very  hard  work  and 
very  close  detail  exhibited,  and  the  very  fine  way  in  which  he 
has  arranged  it  so  that  we  can  test  our  blowers  in  the  future. 

The  motion  was  seconded  and  carried. 

The  Acting  Chairman:  The  next  on  the  program  is  the 
Report  of  the  Committee  on  Measurement  of  Gas  in  Large 
Volumes,  by  Dr.  J.  F.  Wing,  Chairman,  of  Everett,  Mass. 

REPORT  OF  THE  COMMITTEE  ON  MEASUREMENT 
OF  GAS  IN  LARGE  VOLUMES. 

The  art  of  measuring  gas  commercially  is  an  important  one, 
whether  it  is  done  in  large  or  small  quantities. 

When  it  is  done  in  large  quantities,  the  importance  and  diffi- 
culties are  centered  in  a  few  large  units,  which  are  more  gen- 
erally used  as  a  measure  of  efficiency  in  manufacture  than  to 
measure  the  volume  bought  or  sold.  In  any  case,  the  value  of 
the  commodity  measured  is  so  much  more  than  that  of  free 
air  or  natural  gas,  that  this  property  justifies  careful  over- 
sight. And,  in  general,  measuring  implies  the  utmost  prac- 
tical accuracy. 

The  measurement  of  this  invisible  product  has  always  been 
a  subject  of  obscurity  and  doubt  to  different  classes  in  the 
community,  and  often  of  not  much  less  doubt  to  the  gas  man 
than  to  the  layman. 

The  only  meter  we  have,  in  the  measurements  of  which  we 
can  always  really  believe  our  eyes,  is  the  gas  holder.  All  the 
other  methods  take  place  in  closed  vessels,  handling  an  invis- 
ible fluid,  and  count  by  an  external  indicator.  The  meters 
have  moving  parts  likely  to  get  out  of  order,  or  surfaces  that 
may  become  clogged,  or  are  indicated  by  delicate  measure- 
ments, and  all  have  the  possibilities  of  indicating  incorrectly 
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and  must  be  controlled  by  periodic  tests  to  insure  their  con- 
tinued accuracy. 

In  this  report,  "large  volumes"  is  a  relative  term  as  under- 
stood by  each  gas  company. 

The  different  methods  of  measurement  come  under  two 
classes : 

I.  Direct  or  Positive  Methods,  in  which  the  gas  displaces 
a  known  volume  in  a  moving  apparatus,  which  can  register 
the  motion. 

The  methods  comprise : 
Gas  holders. 
Wet  drum  meters. 
Diaphragm  meters  and 
Calibrated  exhausters. 

II.  Inferential  Methods,  in  which  the  total  quantity  of  gas 
is  not  actually  measured  but  is  subjected  to  various  conditions 
and  the  amount  is  inferred  from  some  effect  of  heat,  pressure 
or  impulse. 

These  methods  comprise : 

Velocity  meters,  such  as  the  Venturi  meter,  the  Pitot 
tube,     calibrated     orifices,     anemometers,   rotary 
meters  and  estimating  the  flow  in  pipes. 
Proportional  or  shunt  meters,  in  which  a  fraction  of 

the  total  voliune  is  measured  by  direct  methods. 
Calorimetric  meters,  such  as  the  electric  type  meter,  in 
which  the  volume  is  ascertained  by  the  electrically 
measured  heat  required  to  raise  its  temperature. 
It  is  proposed  to  discuss  these  devices  from  the  points  of 
view  of  practicability  and  reliability. 

All  can  be  set  up,  calibrated  carefully  and  then  will  measure 
with  commercial  accuracy  under  the  same  conditions  for  a 
longer  or  shorter  time.  If  subjected  to  changed  conditions 
without  their  being  realized  and  without  compensating  cali- 
bration, there  are  different  degrees  of  reliability.  The  ques- 
tion of  duplication  of  results  is  the  most  serious  one,  for 
several  are  built  from  designs  of  successful  ones  and  then  arc 
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used  without  preliminary  comparison  with  a  positive  meas- 
uring standard,  and  often  under  different  conditions  from  the 
standard  one. 

No  builder  of  a  wet  station  meter  would  presiune  to  guar- 
antee its  accuracy,  even  if  built  with  the  closest  possible  imita- 
tion of  another,  without  testing  it  for  registration  as  well  as 
for  leaks. 

Gas  Hou)Ers. 

Little  need  be  said  about  large  gas  holders.  Under  favor- 
able conditions  of  sunlight  and  temperature  they  are  accurate. 
But  when  these  conditions  are  not  favorable,  they  are  suitable 
only  for  a  rough  measurement  of  gas  as  manufactured  or 
when  transferred.    They  are  seldom  practicable. 

The  small  calibrated  gas  holder  is  the  standard  by  which 
all  measuring  devices  are  finally  tested. 

Wet  Drum  Station  Meters. 

For  measuring  large  volumes  of  gas,  the  station  meter  is 
the  most  accurate  and  reliable  instrument  which  we  have. 
As  a  secondary  standard,  all  other  devices  are  referred  to  it. 
It  has  been  classed  "among  the  most  beautiful  of  mechanical 
inventions,  simple  and  automatic  in  operation  while  assuring 
the  absolute  correctness  of  the  work  it  is  designed  to  do." 

Its  accuracy  does  not  depend  on  the  constancy  of  many 
factors  entering  into  its  operation.  It  measures  positively,  by 
displacement,  gas  of  any  gravity,  and,  within  wide  limits,  of 
any  temperature  or  pressure.  It  will  do  this  when  very  dirty 
indeed. 

Usually  station  meters  do  not  have  their  fair  share  of  atten- 
tion. It  is  very  difficult  to  oil  the  main  shaft  properly.  The 
index  and  gears  must  be  oiled  with  good  light  oil  occasionally 
and  the  stuffing  box  of  the  secondary  shaft  refilled  with 
greased  wicking.  It  is  well  to  have  all  noises  diagnosed  by  a 
competent  man. 

After  an  uncertain  length  of  service,  some  moving  parts 
may  give  out,  and  the  comparatively  light  dnun  will  be  cor- 
roded by  oxygen  in  the  gas,  or  that  contained  in  the  fresh 
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water  dribbled  in  to  hold  the  water  level,  or  by  the  casual 
presence  of  ammonia  or  sulphuretted  hydrogen  in  the  gas. 
It  may  be  badly  corroded  and  still  measure  correctly,  thei 
soon  afterward  become  perforated  in  hundreds  of  places  by 
the  strain  of  hard  running  or  of  starting  up.  Bolts  and  rivets 
may  work  loose  or  even  fall  out.  The  leaking  condition  may 
be  discovered  by  a  standstill  test  on  each  compartment  of  the 
drum. 

The  following  are  careful  tests  on  the  three  i6  ft.  Hinman 
drum  station  meters,  15  years  old,  of  a  large  gas  company, 
taken  3  and  5  years  after  being  overhauled.  The  tests  were 
carried  out  because  they  were  suspected  of  not  registering 
correctly. 

Three  years  after  overhauling: 

No.  1—1  %f  fast  No.  2— Vs^  ^ast  No.  3— •joof^  slow 

Five  years  after  overhauling: 

No.  I— V,%  fast  No.  2— */io%  •1<>^  No.  3— */»?&  s'o^ 

These,  certainly,  were  as  accurate  as  could  be  hoped.  But  it 
is  sensible  to  be  not  wholly  confident  of  such  an  obscure  ap- 
paratus. Before  being  overhauled,  they  were  in  very  bad 
condition. 

In  other  respects,  wet  meters  are  unsatisfactory  They  are 
costly,  cumbersome,  heavy,  and  require  a  large  space  for 
installation;  a  16  ft.  meter  weighs  over  100  tons  with  its 
water  and  necessitates  particular  care  in  a  foundation  16  ft. 
square.  They  are  not  flexible  like  a  boiler  for  overloads.  A 
16  ft.  meter  rated  at  4,000  M  per  day  passes  6,000  M  at  con- 
siderable risk.  As  a  protest  against  all  this,  much  thought 
and  ingenuity  has  been  exercised  to  devise  some  more  con- 
venient apparatus,  and  with  considerable  success. 

This  report  will  not  deal  with  the  construction,  operation 
and  testing  of  meters.  These  topics  have  been  treated  very 
ably  in  a  paper  by  Mr.  Donald  McDonald  presented  to  the 
Congress  of  American  Gas  Association  in  1904.  This 
pamphlet  of  40  pages  was  undertaken  with  the  object  "to 
supply  an  apparent  lack,  in  the  records  of  the  Association,  of 
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information  on  the  subject  of  the  station  meter."  It  is  a 
store  of  information  for  all  concerned  with  meters. 

If  the  wet  station  meter  were  the  main  subject  of  this 
report,  it  would  contain  a  reprint  of  the  detailed  directions  of 
the  Trustees  of  the  Educational  Fund,  in  the  1907  Report  of 
the  Gas  Institute,  in  answer  to  the  question,  "Describe  the 
testing  or  proving  of  a  station  meter,  giving  each  step  of  the 
work  from  putting  it  out  of  use,  in  order  to  test  it,  to  putting 
it  to  work  again  after  it  has  been  tested." 

We  give  a  table  of  data  of  wet  station  meters : 

Data  of  Wbt  Station  Mbtbrs. 
Donald  McDonald,  1904— Proceedings  of  Gas  Congress. 


Capacity 

per  hour 

Usual 

in  cu.  ft.  with  1"  loss 

size 

of  con- 
nections 

Size 

Parkinson 

Hinman 

4' 

5»200 

8,000 

8^' 

4'  W 

6,800 

11,250 

8^' 

S' 

8.500 

14.500 

S'' 

5/  (/' 

10,400 

18,000 

i&' 

(/ 

12,400 

21.750 

1&^ 

6'  (/' 

14,700 

25.750 

,2// 

r 

17,100 

30.000 

,2// 

f  (/' 

19,800 

35.000 

,2// 

w 

22.500 

40,000 

12// 

9' 

28,800 

51,000 

16^' 

i& 

36,000 

63.000 

16^' 

II' 

44,000 

77,000 

16^' 

12' 

53»ooo 

92,000 

16^' 

13' 

63.000 

100,000 
128,000 

20^' 

14' 

74,000 

24'' 

15' 

86,500 

150,000 

24'' 

i(/ 

100,000 

173,000 

24'' 

Weight 

Weight 

of  meter 

of  meter. 

of  water. 

and  water. 

I.ba. 

I*bs. 

I.bs. 

3.800 

2,200 

6,000 

4.950 

3.100 

8,050 

5.950 

4.200 

10,150 

7.450 

5.650 

13.100 

8.750 

7.350 

16,100 

10.500 

9.300 

19.800 

12,250 

11.500 

23.750 

14,350 

14.000 

28,350 

16,600 

17.250 

33.850 

24.000 

24.500 

48,500 

29,500 

33.500 

63,000 

36,000 

44,200 

80,200 

44,500 

57,500 

102.000 

54.000 

73.300 

127.300 

66,000 

9«.500 

157,500 

80,000 

112,500 

192,500 

95.000 

136,000 

231,000 

Diaphragm  Meters. 
Diaphragm  meters  do  not  have  the  capacity  to  measure  the 
volvimes  we  call  large.  They  are  positive  displacement  meters, 
but  of  a  size  suited  for  retail  measurement.  The  nature  of 
their  construction  does  not  permit  them  to  be  built  very  large. 
The  biggest  one,  a  500  light  meter,  is  not  good  for  more  than 
5,500  ft.  per  hour. 

Caubrated  Exhausters. 
Calibrated   positive   exhausters   or  blowers   offer  a   direct 
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method  for  the  approximate  measurement  of  gas.  They  arc 
built  of  sizes  to  comply  with  almost  any  demand  for  capacity. 

They  are  displacement  meters,  because  they  propel  a  volume 
of  gas  with  every  revolution,  but  they  lack  the  reliable  accu- 
racy of  a  station  meter  because  the  gas  compartments  are  not 
water  sealed  and  inevitably  leak  some  gas  by  the  contact  sur- 
faces back  to  the  low  pressure  side. 

A  blower  or  exhauster  that  is  in  good  condition  and  has 
been  running  long  enough  to  acquire  a  coating  inside  is  a 
better  measurer  than  is  generally  supposed,  if  the  temperature 
and  pressure  are  taken  into  account,  and  if  the  diflference  of 
pressure  increases  as  the  square  of  the  speed,  then  the  leakage 
will  be  a  constant  percentage.  If  this  last  condition  is  not 
fulfilled,  they  leak  more  proportionally  at  slow  speeds.  An 
objection  is  that  it  is  difficult  to  duplicate  one  by  another. 

If  a  blower  is  running  well,  it  is  more  satisfactory  and  less 
liable  to  unsuspected  derangement  as  a  meter,  than  an  infer- 
ential meter. 

Considering  the  advantage  of  a  counter  and  remembering 
the  difficulties  attending  the  reading  of  small  pressure  differ- 
ences, a  calibrated  exhauster  is  quite  as  accurate  as  a  cali- 
brated Pitot  or  orifice  meter.  There  is  always  some  uncer- 
tainty as  to  the  value  of  the  efficiency  of  the  last  two. 

Venturi  Meters, 

There  are  many  cases  in  the  different  industries  where  very 
large  volumes  of  gas  are  required  to  be  measured  and  positive 
wet  meters  are  prohibited  by  the  enormous  volumes  of  gas 
and  the  expense,  which  is  disproportional  to  the  value  of  the 
gas  and  to  the  accuracy  required.  Such  gases  are  air,  natural 
gas,  blast  furnace  and  other  fuel  gases,  which  may  be  delivered 
as  a  commodity,  or  need  to  be  controlled  in  some  operation. 

Also  in  the  process  of  handling  artificial  gas  it  is  sometimes 
desirable  to  know  the  amount  in  a  case  in  which  the  expense 
or  inconvenience  forbids  the  installation  of  a  station  meter. 

For  these  reasons  much  ingenuity  has  been  exercised  in 
developing  reliable  substitutes,  called  inferential  meters. 
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One  successful  device  is  the  Venturi  meter.  This  is  in  the 
form  of  a  contracted  section  of  pipe  laid  in  a  pipe  line,  and  is 
comparatively  inexpensive  and  convenient  to  install. 

The  amount  of  gas  passing  it  can  be  calculated  by  observing 
the  pressures  in  the  line  and  in  the  narrow  part,  called  the 
throat,  with  the  data  of  the  areas  of  the  meter  and  the  con- 
dition and  properties  of  the  gas  in  question. 

The  throat  of  the  Venturi  meter  causes  decrease  of  pressure 
and  increase  of  velocity.  The  general  formula  of  the  Venturi 
meter  is  derived  on  the  assumption  that  the  change  of  state  in 
the  gas  between  the  entrance  and  throat  of  the  meter  takes 
place  without  gain  or  loss  of  heat.  Therefore,  the  drop  in 
potential  energy,  as  shown  by  the  respective  pressures  is  equal 
to  the  increase  in  the  energy  of  motion  indicated  by  the  respec- 
tive velocities  at  the  entrance  and  at  the  throat. 

While  the  Venturi  meter  is  very  accurate,  if  it  is  in  good 
clean  physical  condition  and  located  with  a  considerable  length 
of  straight  approach  and  the  pressure  readings  are  taken  very 
accurately,  it  is  handicapped  by  having  a  very  complicated 
formula  for  the  expression  of  the  volume  of  gas.  The  compu- 
tation of  results  is  very  tedious  and  not  simple. 

This  general  formula  is  given  for  the  sake  of  completeness : 


multiplied  by  an  efficiency  factor  less  than  one. 
In  this: 
Q  =^  cu.  ft  per  hour  on  absolute  pressure  and  temperature 

bases  P,  and  Tj. 
N     ^  ratio  of  specific  heats  at  constant  pressure  and  constant 

volume. 
G        specific  gravity  of  gas. 

A,  --  area  Venturi  meter  at  entrance  in  square  feet. 
A,  =-  area  Venturi  meter  at  throat  in  square  feet. 
Pj  =  absolute  pressure  at  entrance,  pounds  per  square  inch, 
p.^  T=  absolute  pressure  at  throat,  pounds  per  square  inch. 
T,  -    absolute  temperature  at  entrance,  Fahrenheit. 
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For  any  particular  meter  and  quality  of  gas  and  assuming 
definite  values  of  P,.  T,  and  T„  it  reduces  to  a  simpler  fonn 
by  having  as  the  only  variables  the  pressures.     Then: 


'.R-V-^- 


KP.R-V-— ^i..     Wherein 


o       A      T,     /  N 

K  ^^  2,0,840  A.  —>^,^^_^^^^^ 


iirj 


R  =  ^ 


a  = 


p. 

I  .         N  —  I 


A  direct  reading  chart  furnished  with  the  meter  obviates 

this  labor  of  computc^tion. 

For  air  or  gas  at  or  near  one  atmosphere  of  pressure  desir- 

p 
able  values  of  the  ratio  -^  are  between  the  limits  0.95  and 

0.995,  corresponding  to  velocities  of  300-100  feet  per  second, 
or  a  drop  in  pressure  of  20  inches  to  2  inches. 

At  higher  pressure  the  velocity  will  be  higher  at  the  throat, 
but  it  is  limited  by  the  allowable  drop  in  pressure,  that  is,  the 
range  of  pressure  permitted  in  the  system. 

The  limiting  value  of  the  lower  velocity  depends  on  the 
least  manometer  reading  of  sufficient  accuracy. 

An  approximate  formula  for  a  Venturi  passing  steam,  with 
a  discharge  pressure  less  than  0.6  of  the  initial  pressure,  is 
the  same  as  that  for  a  nozzle : 

Absolute  initial  pressure  X  area  in  inches 

Lbs.  per  minute  = . 

^  1. 16 

In  respect  to  size,  meters  for  gas  are  built  for  blast  fun^ce 
use  to  be  placed  in  a  60  in.  line  with  28  in.  throat,  and  would 
measure  up  to  3,000,000  cu.  ft.  per  hour  with  a  differential  of 
about  20  in.  of  water.  This  is  not  necessarily  the  limiting 
size. 

Much  information  on  this  meter  is  given  in  a  paper  by  E.  P. 
Coleman,  Jour.  Am.  Soc.  Mech.  Eng.,  1906. 
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There  is  a  notice  of  a  patent  by  R.  Kennedy  in  the  Journal 
of  Gas  Lighting  for  1913,  for  putting  a  secondary  inferential 
meter  on  the  by-pass  between  the  inlet  and  throat,  instead  of 
using  an  integrating  device. 

Tests  of  Venturi  Meters  in  Use  on  Gas. 

From  our  correspondents,  we  have  received  reports  of 
experiences  that  are  not  unanimous  in  the  satisfaction 
expressed. 

One  reporter  described  a  Venturi  meter  which  collected 
deposits  of  naphthalene  at  the  entrance,  in  the  throat  and  after 
the  throat  and  stopped  up  the  pressure  holes.  This  deposi- 
tion was  then  prevented  entirely  by  steam- jacketing.  From 
this  arrangement  or  some  other  cause,  the  measurement  was 
very  far  out,  and  it  was  replaced  by  an  electric  meter,  which, 
curiously  enough,  is  not  troubled  by  naphthalene,  although 
some  deposit  has  been  noted  in  the  entering  pipe ;  and  it  meas- 
ures consistently. 

Measurements  are  reported  by  another  gas  company  in  the 
case  of  a  10  in.  x  3J4  i"-  meter  lately  installed  to  measure 
fuel  gas.  The  registering  device  is  calibrated  to  the  total  gas 
under  standard  conditions  when  the  gas  passing  the  meter  is 
at  95  degrees,  9.6  in.  water  pressure  and  its  sp.  gr.  is  0.49. 
When  the  conditions  are  different  a  correction  factor  is  used. 

The  Venturi  was  on  a  line  with  a  wet  meter  by  which  it  was 
at  first  adjusted.  This  is  not  as  severe  a  test  as  putting  a 
meter  in  service  as  it  comes  calibrated  from  the  makers. 

The  following  were  the  metered  results : 

Wet  meter  Venturi  meter 

Time  Cu.  ft.  free  gas  Cu.  ft.  free  gas 

li:30A.  M 000  000 

12:00     25,100  24,800 

12:30?.  M 52,200  52,000 

I  :oo     82.850  82,500 

1:30     112,700  112,500 

2:00     143-450  143.500 

2:30     174.900  174,800 

A  12  in.  x  6  in.  Venturi  has  been  connected  to  the  station 
meter  of  the  Providence  Gas  Company  for  a  period  of  two 
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years.  This  one  gives  very  satisfactory  agreement.  The 
registering  gauge  was  calibrated  for  the  average  conditions  of 
the  water  gas  made.  This  meter  is  intended  to  measure  a 
minimum  of  30,000  cu.  ft  per  hour. 

We  have  some  data  which  show  the  comparison,  and,  also, 
the  limitations : 

Variations  of  Venturi  on  single  days  during  four  months : 

Max.  fast     Min.  fast.    Max.  slow.  Min.  slow.         For  month. 
1913  Percent.      Percent.      Percent.      Percent.  Percent. 

August 1.23  1.23  6.84  0.51  2.13  slow 

September....  r.66  0.79  3.78  0.40  1.54  slow 

October 3.52  0.30  5. 10  0.31  0.98  fast 

November 3.17  0.41  0.52  0.20  1.66  fast 

Average  for  four  months.  -  >  •  o.  14  slow 
Notb:— Large  errors  are  ascribed  to  shutting  down  and  starting. 

Careful  comparative  tests  were  made  on  April  13th  and  14th, 
1914,  between  the  14  ft.  station  meter  and  the  Venturi  which 
had  a  type  Q.  register,  graduated  in  cu.  ft.  free  gas  at  30  in. 
and  60  deg.,  for  10  in.  pressure  and  0.675  sp.  gr. 

Both  tests  agreed  closely  on  the  average,  but  the  data  of 
the  latter  are  given,  since  in  that  the  rates  of  flow  varied  more. 

The  registrations  of  the  meters  are  given,  then  the  volumes 
corrected  for  pressure,  temperature  and  specific  gravity : 

Regrist  ration  Corrected 

. , ^ Venturi  Venturi 

Station      Venturi  Station      Venturi  Per  minute  Manom.  Lots  of 

Time          meter        meter  meter         meter  cent,  reading:     eter  bead 

11  A.M.     62,000      64,000      62,750      63.750     -f-1.5     84,000     2.1^^       0.y 

12  92,000      95,000      92,700      94,600     -f-2.0     96,000     2.7  0.35 

1  P.  M.     96,000      98,000      96,750      97,600     -f  0.9     92,000     2.5  0.33 

2  94,«x>  95000  94,600  94,700  -ho.  I  92,000  2.55  a33 

3  61,000  61,000  61,500  61,000  -0.8  62,000  1.25  0.15 

4  61,000.  60,000  61,500  60,000  —2.4  64,000  1.30  0.2 

5  56,000  56,000  56*450  56,000  —0.7  64,000  1.25  0.2 

6  57»ooo  57,000  57.500  57,000  —0.8  53,000  0.9  0.15 

Totals      579,000    586.000    583,750    584,650     -fo.15 
1.2  per  cent.  fast. 

The  variation  of  the  specific  gravity  during  the  test  was 
0.668-0.677  t>y  one  apparatus,  0.661-0.662  by  another. 

It  is  to  be  noted  that  the  manometer  gives  a  good  readable 
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differential  pressure  for  a  small  loss  of  head  while  the  gas  is 
passing  through  the  meter, — ^a  great  advantage  over  the  Pitot 
and  orifice  types. 

Pitot  Meters. 

This  is  the  most  fascinating  of  all  the  devices  for  measuring 
gases,  since  the  simplicity  is  attractive  and  it  contains  the 
possibility  of  being  an  accurate  means  of  measuring  volumes. 

The  principles  of  the  Pitot  meter  are  generally  well  known. 
The  Pitot  tube  measures  the  velocity  of  the  flow  of  gas  at  the 
point  where  it  is  located  in  a  pipe  by  showing  the  velocity  head 
caused  by  the  impact  of  the  current  on  a  pressure  gauge,  the 
other  arm  of  which  is  balanced  by  the  pressure  in  the  pipe, 
called  the  static  pressure. 

The  general  formula  for  measuring  the  flow  of  gas  by  the 
Pitot  meter  and  by  an  orifice  is 


T    r 

2i8.44E^'   ^  \jj^  in  which 


Ts    ^/TG 

Q    =  flow  in  cubic  feet  per  hour  at  T^  and  P, 
E   =  efficiency  of  the  Pitot  tube  or  orifice 
d    ~-  diameter  of  the  pipe  or  orifice,  inches 
Tj  —  absolute  storage  temperature  base,  degrees  Fahrenheit 
Vs  =  absolute  storage  pressure  base,  pounds  per  square  inch 
A    —  height  of  water  column  in  inches 
P    =^  absolute  pressure  of  flowing  gas,  pounds 
T   =  absolute  temperature  of  flowing  gas 
G  =  specific  gravity  of  flowing  gas,  air  ~~  i 
The  calculation  of  a  varying  flow  in  the  same  pipe  tmder  the 
same  conditions  is  quite  simple  theoretically,  since  A,  the  water 
pressure  in  the  differential  gauge  is  the  only  varying  factor 
and  the  rest  may  be  grouped  in  one  quantity;  but  practically 
it  is  difficult  to  determine  h,  the  differential  pressure  correctly, 
and  the  value  of  E,  the  efficiency,  is  uncertain. 

As  a  means  of  measuring  gas  in  large  volumes,  the  method 
of  inserting  a  Pitot  tube  in  a  main  in  a  predetermined  position, 
can  merely  serve  as  a  rough  indicator  and  may  be  wrong  to 
the  extent  of  lo,  20  or  more  per  cent. 
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In  order  to  profit  by  the  possibilities  of  the  Pitot  tube  for 
accurate  measurement  it  is  necessary  to  be  much  more  pains- 
taking. The  aperture  to  the  static  pressure  connection  must 
be  such  that  it  is  not  influenced  by  the  flow  of  the  gas  current 
The  pipe  is  divided  in  five  concentric  annular  rings  and  four 
readings  are  made  in  the  center  of  each  ring  on  two  diameters 
for  the  dynamic  pressures,  and  the  square  roots  of  the  twenty 
readings  are  averaged. 

From  the  experiments  made  by  W.  C.  Rowse,  in  the  labora- 
tories of  the  University  of  Wisconsin,  he  derived  the  following 
general  results  and  conclusions  in  part : 

"If  a  Pitot  tube  is  inserted  in  a  pipe  conveying  gas  and  a 
traverse  made  over  the  cross-section  of  the  pipe,  it  will  be 
found  that  the  highest  velocity  exists  at  the  center  of  the  pipe 
and  the  lowest  at  the  walls. 

"For  this  reason  it  has  been  customary  for  experimenters 
to  determine  the  particular  point  in  the  cross-section  of  the 
pipe  where  the  velocity  corresponds  to  the  mean  velocity  of 
the  whole  cross-section,  and  to  keep  the  tube  at  that  point  for 
the  determination  of  the  quantity  of  flow  as  computed  from 
the  velocity  readings.  This  point  varies  according  to  the  con- 
dition of  roughness  of  the  interior  surface,  and  other  accidental 
conditions  of  the  pipe  in  which  the  tube  is  inserted,  and  it 
is  necessary  to  determine  it  for  each  particular  pipe  used. 

"When  a  tube  is  to  be  used  as  a  permanent  gas  meter,  it  is 
better,  because  of  the  fact  just  noted,  to  construct  the  pipe 
with  extreme  care,  having  the  interior  of  uniform  size  and 
highly  polished,  and  then  to  place  the  tip  in  the  exact  center  of 
it.  This  necessitates  the  inclusion  in  the  theoretical  formula 
of  a  factor  called  the  "efficiency"  of  the  tube,  in  order  to 
reduce  the  flow,  as  indicated  by  the  tube  readings  to  the  mean 
velocity. 

"The  Pitot  tube  as  a  means  of  measuring  gases  is  reliable 
within  approximately  i  per  cent,  when  the  static  pressure  is 
correctly  obtained  and  when  all  readings  are  taken  widi  a 
sufficient  degree  of  refinement;  in  order  to  obtain  this  degree 
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of  accuracy  the  Pitot  tube  should  be  preceded  by  a  length  of 
pipe  20  or  38  times  the  pipe  diameter,  in  order  to  make  the 
flow  of  gas  as  nearly  uniform  across  the  section  of  pipe  as 
possible. 

"All  the  methods  of  obtaining  the  dynamic  head  used  in 
these  experiments  give  accurate  results. 

"The  most  reliable  and  accurate  means  of  obtaining  the 
static  pressure  is  the  piezometer,  or  its  equivalent,  the  results 
ot  138  tests  using  the  piezometer  static  pressure  agreeing 
with  the  Thomas  meter  within  an  average  of  0.33  per  cent.; 
these  results  show  beyond  any  doubt  that  the  static  pressure 
is  constant  across  any  section  of  a  pipe  in  which  gas  is  flowing 
at  a  uniform  rate. 

"Of  the  methods  of  obtaining  the  static  pressure  by  the 
Pitot  itself,  the  most  reliable  and  accurate  is  by  means  of  a 
very  small  hole  1/50  in.  diameter,  in  a  perfectly  smooth 
surface. 

"Long  slots  for  obtaining  the  static  pressure,  are  not  reliable 
and  give  results  which  are  in  error  from  3.5  to  10  per  cent. 

"It  appears  that  an  approximate  relation  exists  between  the 
mean  velocity  head  of  a  gas  flowing  through  the  pipe  and  the 
velocity  head  found  by  placing  the  tube  in  the  center  of  the 
pipe.  For  a  12  in.  galvanized  pipe  results  within  2  per  cent, 
may  be  expected  by  taking  the  mean  velocity  head  as  0.80  of 
that  at  the  center. 

"The  accuracy  of  the  measuring  instruments  used  is  much 
greater  than  can  be  expected  from  the  Pitot  tube  as  a  means 
of  measuring  gases,  due  to  the  uncontrollable  variation  in  the 
gas  flow.  The  considerations  which  may  prevent  even  an  ab- 
solutely correct  Pitot  tube  from  giving  true  results  are  as 
follows : 

"The  gas  flows  through  the  pipe  in  a  wave  or  spiral  motion 
and  at  no  time  is  the  velocity  uniformly  distributed  across  the 
pipe,  being  greater  in  one  quarter  than  in  the  other  three 
quarters;  the  quarter  of  highest  velocity  may  or  may  not  be 
on  the  diameters  where  Pitot  tube  readings  are  taken. 
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"The  velocities  on  the  diameters  where  Pitot  tube  readings 
are  being  taken  may  be  constantly  varying  during  the  period 
of  time  necessary  to  obtain  the  readings ;  thus  the  average  of 
all  readings  may  be  slightly  too  large  or  too  small. 

"The  gas  flow  can  only  approach,  never  reach,  the  ideal 
conditions  of  parallel  flow  and  the  Pitot  tube  is  correct,  theo- 
retically, only  when  the  tube  is  exactly  parallel  to  the  current" 

The  ingenious  devices  for  reading  small  differential  pres- 
sures have  been  described  many  times.  These  are  based  on  the 
principle  of  using  an  inclined  gauge  to  multiply  the  motion  and 
of  using  some  other  and  lighter  liquid  than  water  and  one 
with  less  adhesion  to  glass,  such  as  ether,  alcohol,  gasoline 
or  kerosene,  of  which  the  specific  gravity  must  be  known. 

For  differential  pressures  of  i  in.  or  more  a  U  tube  mano- 
meter may  be  used.  For  this  pressure,  an  error  of  1/20  in. 
in  the  reading  corresponds  to  2>4  per  cent,  in  the  measure- 
ment. 

But  a  pressure  of  i  in.  of  water  with  gas  of  0.500  specific 
gravity  corresponds  to  a  velocity  in  the  pipe,  of  nearly  100 
ft.  per  second.    This  is  rarely  attained  with  artificial  gas. 

With  the  inclined  manometer,  some  experimenters  have 
succeeded,  under  very  favorable  conditions,  in  measuring  gas 
with  I /id  in.  differential.  Here  an  error  of  i/ioo  in.  is  about 
6  per  cent.  Usually  vibration  prevents  any  such  dose  read- 
ing. This  corresponds  to  the  rapid  flow  of  about  30  ft.  per 
second,  or  a  loss  of  pressure  in  1,000  ft.  of  12  in.  pipe  of 
2.6  in. 

It  is  possible,  with  a  gauge  slanting  40  to  i  and  with  a 
mobile  liquid,  to  measure  velocities  of  8  feet  a  second  with 
some  satisfaction 

The  recent  progress  in  velocity  measurements  has  been  in 
the  direction  of  recording  instnmients. 

Calibrated  Orifices. 
The  method  of  measuring  large  quantities  of  gas  by  cali- 
brated orifices  is  such  a  rough  one  that  it  would  scarcely  be 
applied  to  artificial  gas.    There  must  be  a  considerable  loss 
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of  pressure  to  obtain  a  significant  measure  of  the  quantity, 
and  back  pressure  is  objectionable. 

The  size  and  shape  of  the  orifice  or  mouth  piece  influences 
the  coefficient  of  efflux,  which  also  changes  for  varying  dif- 
ferential pressures. 

The  method  is  quite  satisfactory  for  controlling  the  flow  of 
air  imder  constant  conditions,  as  from  a  blower  to  a  water  gas 
generator. 

A  simple  formula  for  the  flow  of  a  gas  through  a  circular 
orifice  in  a  thin  plate ;  due  to  small  diiferences  of  pressure,  and 
at  ordinary  temperature  is : 


Velocity,  feet  per  second  —  4o\/ 


Press,  in  inches  of  water 


Specific  gravity 

Data  on  this  subject  is  given  in  all  mechanical  text  books 
and  concisely  in  Kent's  Pocket  Book. 

A  calibrated  orifice  must  be  used  under  very  nearly  the  same 
conditions  as  in  calibration  and  must  be  exactly  of  the  same 
shape  when  duplicated. 

Neglecting  either  of  these  conditions  may  involve  a  change 
of  10  per  cent,  in  the  efficiency. 

If  one  were  relying  implicitly  on  this  measurement,  a  change 
of  10  per  cent,  in  the  amount  of  air  blown  into  a  water  gas 
generator  would  make  a  great  difference  in  the  temperature. 

A  related  method  of  measuring  gas  is  by  its  loss  of  pressure 
by  the  flow  through  pipes.  It  is  cruder  and  more  uncertain 
because  it  involves  in  addition  the  friction  of  the  length  of 
pipe,  but  it  will  serve  as  a  guide  in  some  investigations.  The 
formulae  have  their  field  for  usefulness  in  the  design  of  pipe 
lines. 

The  oldest  formula.  Dr.  Pole's,  is  applicable  to  low  pres- 
sure gas  and  is : 

Cubic  feet  per  hour  —  i350</*     \     /~     wherein 

d  =  diameter  in  inches 

p  =  pressure  in  inches  of  water 

s  =  specific  gravity 

/  =  length  in  yards 
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The  measurements  by  the  Pitot  tube  and  by  calibrated 
orifices  are  both  based  on  the  same  physical  law  and  involve 
the  difficulty  of  reading  slight  differences  of  pressure. 

The  Pitot  tube  has  the  advantage  of  not  interfering  uilh 
the  flow  of  gas ;  but  the  process  of  searching  the  whole  main 
for  impact  pressures  is  quite  complicated  and  gives  results 
that  are  rather  uncertain  from  the  currents,  and,  although 
taking  a  single  observation  is  simpler,  it  is  still  more  uncertain. 

The  orifice  device  has  the  advantage  that  both  high  and 
low  pressures  are  taken  as  static  pressures  and  with  small 
relative  error;  but  it  involves  the  trouble  of  inserting  a  dia- 
phragm or  nozzle  in  a  pipe  line  with  the  serious  disadvantage 
of  causing  back  pressure,  to  obtain  the  same  convenient  differ- 
ence of  pre*  sure  that  is  obtained  by  the  Pitot  by  impact  of  the 
current. 

Anemometers. 

An  anemometer  is  a  mechanical  device  to  show  the  velodty 
of  a  gas  in  a  conduit,  by  registering  the  revolutions  caused 
by  the  impact  of  the  current  on  the  revolving  vanes. 

Besides  the  difficulty  of  duplicating  one,  it  has  the  handicap 
of  being  very  delicate  in  construction  and  liable  to  respond 
differently  to  the  current,  at  different  times.  Also,  the  velocity 
of  the  gas  varies  in  different  parts  of  a  conduit,  so  that  it  gives 
a  very  inaccurate  indication  of  the  velocity,  or  at  least  un- 
certain. 

Rotary  Meters. 

A  rotary  meter  is  built  on  the  plan  of  an  anemometer,  but  is 
a  much  more  reliable  indicator,  because  a  constant  proportion 
of  the  flow  of  gas  at  the  varying  velocities  impinges  on  the 
vanes  of  the  registering  device. 

When  accurately  calibrated  and  in  good  order,  it  is  a  serious 
competitor  of  the  station  meter  for  accuracy  at  a  wide  range 
of  rates. 

.    It  has  great  advantages  over  the  station  meter  of  the  same 
capacity  in  convenience  and  cost. 

It  has  the  disadvantages  that  its  mechanism  is  delicate,  and 
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that  the  pipes  and  impact  tube  may  become  partially  dogged 
by  material  deposited  from  the  gas  and  will  then  register  in- 
correctly in  one  direction  or  the  other. 

Its  condition  as  to  cleanliness  may  be  ascertained  without 
much  difficulty  by  inspection.  The  accuracy  of  its  mechanism 
either  originally  or  occasionally  can  be  determined  only  by  a 
test  against  a  station  meter  or  a  holder,  for  there  is  no  external 
indication  except  stopping. 

One  large  gas  company  has  had  experience  with  them  with 
rather  mixed  results.  Two  small  ones,  which  are  used  for 
measuring  air  to  purifiers,  were  correct  when  new  within 
2  per  cent.,  at  the  range  of  rates  guaranteed.  They  have  been 
clogged  by  moist  dust  several  times  in  5  years,  but  after 
cleaning,  they  have  registered  as  correctly  as  in  the  first  place. 

Of  two  meters  of  250  M  hourly  capacity,  installed  as  works 

meters  on  water  gas,  with  connections  for  testing  by  a  wet 

station  meter  at  pleasure,  one  tested  when  new 

at  the  rate  of   35  M  per  hour 3.5  per  cent,  fast 

at  the  rate  of   50  M  per  hour j .8  per  cent,  fast 

at  the  rate  of  100  M  per  hour 08  per  ceni.  fast 

at  the  rate  of  150  M  per  hour 0.8  per  cent,  fast 

at  the  rate  of  200  M  per  hour 1.6  per  cent,  fast 

at  the  rate  of  220  M  per  hour 1.4  per  cent,  fast 

the  other  one  was  2.8  per  cent,  fast  on  the  average.  This 
second  one  had  the  gear  changed  to  correct  it.  After  being 
used  on  water  gas  for  four  winters,  both  tested  within  i  per 
cent,  at  the  guaranteed  ranges  and  were  found  clean  on  in- 
spection.    They  have  had  no  repairs. 

This  experience  is,  on  the  whole,  very  satisfactory,  but  it 
proves  the  necessity  of  control  and  inspection. 

Proportionai,  Meters. 

In  the  proportional  meter  only  a  fractional  part  of  the  full 
volume  of  gas  passing  through  the  apparatus  is  measured  and 
from  such  measurement  the  total  volume  is  determined.  The 
mechanism  of  the  apparatus  is  designed  to  maintain  at  all 
rates  of  flow  a  constant  ratio  between  the  large  unmeasured 
volume  and  its  fractional  measured  component. 

The  Wylie  Proportional  Meter  and  the  Westinghouse  Pro- 
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portional  Meter  are  notable  examples  of  this  type  of  meter. 
Both  are  used  extensively  for  measurement  of  natural  gas. 
The  Wylie  Meter  is  used  to  measure  manufactured  gas  in 


several  gas  works  as  a  station  meter.    A  description  of  its  con- 
struction and  operation  is  as  follows : 

The  meter  consists  essentially  of  two  parts ;  the  main  shunt 
and  the  tally.    The  latter  is  a  small  wet  meter,  which  measures 
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a  fractional  part  of  the  total  unmeasured  volume  flowing 
through  the  shunt.  The  tally  dial  is  geared  to  register  the 
total  volume. 

In  the  main  shunt  there  are  two  valves,  mechanically  con- 
nected so  as  to  operate  in  unison,  and  controlled  by  a  dia- 
phragm. The  large  valve  controls  the  main  or  shunted  volvune 
passing  through  the  shunt,  and  the  smaller  valve,  the  co- 
efficient or  fractional  volume  measured  by  the  tally.  The 
object  of  the  mechanism  is  to  obtain  and  maintain  a  constant 
ratio  of  pressure  absorption  or  drop  through  the  proportionate 
valve  openings. 

In  the  illustration,  A  is  the  main  shunt,  provided  with  an 
inlet  and  outlet  divided  by  partitions  into  three  chambers  or 
compartments  B,  C  and  D.  The  opening  E  between  the  inlet 
compartment  B  and  the  outlet  compartment  C  is  controlled  by 
the  valve  F,  which  is  mounted  on  the  lower  end  of  the  vertical 
valve  stem  G.  The  upper  end  of  this  stem  is  connected  with 
the  coefficient  valve  K,  controlling  the  opening  Z.  This  valve 
is  pivoted  at  L  and  is  operated  by  means  of  the  connecting  rod 
H,  attached  to  G. 

The  diaphragm  M  is  in  the  form  of  a  holder  bell,  rigidly 
secured  to  the  valve  stem  G,  and  separating  the  compartments 
B  and  D,  by  means  of  the  annular  seal  O.  In  some  types 
a  dry  diaphragm  sealed  with  flexible  material  is  used.  The 
inlet  compartment  B  communicates  with  the  inlet  of  the  tally 
T,  by  the  pipe  P  the  outlet  of  tally  communicating  to  com- 
partment D  by  pipe  Q  which  conveys  gas  from  tally  meter 
through  the  coefficient  valve  K  and  pipe  R  to  the  outlet  com- 
partment C.  The  valve  stem  G  and  its  appurtenances  is  coun- 
terweighted  by  the  weight  W,  suspended  from  the  end  of  the 
lever  S,  which  is  fulcrumed  on  a  fixed  pivot  X  and  connected 
to  G  by  a  link  at  Y.  The  weight  W,  is  sufficient  to  close  the 
valves  when  no  gas  is  passing.  The  ratio  of  the  area  of  the 
openings  E  and  Z,  controlled  by  the  proportionate  valves,  is 
predetermined  and  is  equal  to  the  ratio  of  the  determined 
capacity  of  the  tally  meter  to  the  volume  passing  through  the 
main  shunt.    The  effective  area  of  the  diaphragm  M  is  larger 
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than  that  of  the  valve  F,  which  must  also  be  considered  as  a 
diaphragm  acting  in  opposition  to  M.  The  effective  area  of 
M,  is  usually  made  double  the  area  of  F.  Suitable  differential 
pressure  gauges  are  attached  which  indicate  the  pressure  ab- 
sorbed by  the  shunt  and  tally. 

The  Operation  is  as  Follows. 

Gas  enters  B  through  inlet  in  the  direction  indicated  by  the 
arrows.  The  area  of  M  being  greater  than  F,  the  first  ten- 
dency would  be  to  maintain  F  in  a  closed  position  until  some 
gas  had  passed  through  P  and  the  tally  into  compartment  D. 
The  outlet  pressure  of  the  tally  acting  on  M  causes  the  stem 
G  to  descend,  opening  F  and  K,  and  to  assume  a  position  in 
which  equilibrium  is  established  between  the  pressures  acting 
on  F  and  M. 

In  order  that  the  ratio  of  the  volumes  of  gas  passing  through 
openings  E  and  Z  may  be  constant,  it  is  necessary  to  preserve 
a  constant  ratio  between  the  differential  pressure  or  drop 
through  these  openings.  This  is  accomplished  by  the  dia- 
phragm M,  as  follows:  As  the  valves  are  in  equilibrium,  it 
is  evident  that  the  total  effective  pressure  exerted  on  M  is 
equal  and  opposite  to  the  total  effective  pressure  acting  on  F. 
The  effective  pressure  acting  on  F,  is  its  area  multiplied  by 
the  drop  of  pressure  through  the  opening  E,  which  is  the  total 
differential  absorbed  by  the  apparatus.  Similarly,  the  effective 
pressure  acting  on  M  is  its  area  times  the  drop  through  the 
tally.  Since  these  quantities  are  equal,  and  since  the  area  of 
M  is  twice  that  of  F,  it  is  evident  the  drop  through  the  tally 
is  one  half  the  total  drop  between  inlet  and  outlet,  and  the 
other  half  must  be  the  drop  through  the  opening  Z,  controlled 
by  the  coefficient  valve  K.  The  ratio  of  drop  through  E  and 
Z  will  therefore  be  constant  irrespective  of  what  ever  pre- 
determined ratio  is  assigned  between  the  areas  of  M  and  F. 
As  gas  in  passing  through  the  tally  must  lose  some  pressure, 
whenever  there  is  a  variation  in  the  amount  of  pressure  ab- 
sorbed by  the  tally  the  diaphragm  M  will  move  the  stem  G  into 
a  new  position  of  equilibrium,  thus  varying  the  openings  E 
and  Z,  in  response  to  the  variations  of  volume. 
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111  order  to  demonstrate  the  theory  of  operation,  let  us 
assume  that  in  a  certain  given  position  of  the  valves, 
V  =  volume  passing  through  E 
V  =  volume  passing  through  Z 
D  =  total  differential  or  drop  through  E 
d  =  drop  through  tally 
D  —  d  =  drop  through  opening  Z. 

R  =  ratio  of  areas  of  proportionate  valve  openings. 

r  =  ratio  of  areas  of  diaphragms  M  and  P 

Theoretically,  the  flow  of  gas  through  an  orifice  or  opening 

IS  directly  proportional  to  the  area  of  the  opening  and  to  the 

square  root  of  the  drop  of  pressure  through  the  opening. 

Assuming  the  area  of  Z  to  be  i,  tlie  ratio  of  the  volumes  is 

:^  =  4^ (I) 

ag^ain,  assuming  area  of  P  -     i,  and  since  the  diaphragms  are 
in  equilibrium. 

D  =  dr (2) 

substituting  this  value  in  equation  i,  we  have: 

V^  __     Rl  ^    __      ^yd?     _^    RyT 
V  y  dr  —  d        V  d(r  —  i)         y  r  —  i 

As  the  values  R  and  r  are  constant  and  predetermined,  it 
follows  that  the  ratio  of  the  fractional  volume  measured  by 
the  tally  to  the  volume  passed  by  the  shunt  is  constant  so  long 
as  the  ratio  of  pressure  differential  through  the  proportionate 
openings  is  maintained  constant.  The  accuracy  of  the  meter, 
therefore,  depends  upon  three  elements;  the  tally,  freedom 
from  obstruction  of  the  parts  by  foreign  matter  and  the 
elimination  of  friction  in  the  parts  of  shunt. 
SizRs  AND  Capacities  of  Wyuk  Proportional  Station  Meters. 

Ca{>acity 
cubic  feet 
per  hour 
75,000 
100,000 
180,000 
500.000 

Wkstinghouse  Proportionai,  Gas  Meter. 
This  meter  is  used  for  natural  gas.     The  makers  do  not 


Size  of 

Height  of  shunt 

connections 

overall 

inches 

inches 

8 

60 

12 

72^ 

16 

l^Vz 

24 

— 
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recommend  its  use  for  manufactured  gas.  The  12  in.  size  is 
listed  to  pass  150,000  per  hour.  Larger  size  are  made  to 
order.  It  is  smaller  and  more  compact  than  that  type  of  die 
Wylie  Meter  which  is  designed  for  Station  Meter  use  on  arti- 
ficial gas. 

Proportional  Meters  should  not  be  used  in  locations  where 
the  flow  of  gas  is  pulsatory  as  is  the  case  when  connected  near 
a  positive  exhauster.  The  connections  to  the  inlet  and  outlet 
of  the  meter  should  preferably  be  at  least  5  ft.  or  6  ft  of 
straight  run  of  pipe  rather  than  elbows  or  bends  and  when 
used  for  station  meter  work  it  is  advisable  to  provide  means 
for  testing  its  accuracy  at  its  rated  capacity  by  connections 
arranged  so  that  it  can  be  run  in  tandem  with  a  wet  dnun 
station  meter  when  a  test  is  desired.  The  regular  observation 
of  the  differential  pressures  is  important. 

*  Calorimetrtc  Meters. 

A  calorimetric  meter  is  one  in  which  the  gas  is  heated  or 
cooled  and  its  volume  is  computed  from  the  transfer  of  heat 
and  the  known  specific  heat  of  the  gas,  which  is  passing. 

The  electric  gas  meter  invented  by  Prof.  C.  C.  Thomas 
is  of  this  type.  It  appears  rather  useless  to  give  an  extended 
description  of  the  apparatus  and  of  the  theory  of  its  action, 
since  this  is  to  be  found  in  an  article  of  40  pages  in  the  Report 
of  the  American  Gas  Institute  of  1912.  In  that  is  a  full  and 
clear  account  and  it  contains  many  items  and  suggestions  of 
practical  interest  to  gas  men. 

Also,  in  the  Journal  of  the  Franklin  Institute  for  191 1,  there 
is  a  paper  by  Prof.  Thomas  on  "The  Measurement  of  Gases" 
covering  50  pages,  which  treats  the  whole  subject  and  gives  a 
more  complete  description  of  the  principles  of  the  electric 
meter. 

Concisely,  the  action  of  the  electric  meter  is  this : 

The  specific  heat  of  1,000  cu.  ft.  illuminating  gas  is  very 
close  to  21  B.  t.  u.  The  gas  is  heated  by  an  electric  heater 
a  constant  amount,  say  2  degrees,  and  the  heating  is  controlled 
by  electric  thermometers    The  electric  energy  for  heating  can 
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be  measured  very  precisely.    Then,  since  the  heat  equivalent 
of  a  kilowatt  is  3,415  B.  t.  u.,  the  volume  in  thousands  of 

cubic  feet  of  gas  measured  by  the  meter  is       ,,      per  kilowatt 
^  "^  21  X  2  '^ 

hour. 

One  of  the  considerations  in  operating  this  meter  is  that 
the  mechanism  is  much  more  complicated  than  that  in  any 
other  measuring  device.  Since  it  is  continually  in  motion  and 
must  act  with  precision,  this  implies  much  more  attention  than 
is  given  a  station  meter. 

The  meter  is  easily  checked  and  corrected  during  a  short 
interruption  of  the  measurement.  The  two  factors  are  the 
temperature  rise  and  the  current. 

One  feature  of  such  a  heater  in  the  form  of  a  screen  in  a 
gas  conduit  seems  rather  objectionable  in  a  works  which  is 
troubled  with  naphthalene  in  that  it  would  be  liable  to  clog  up. 
But  the  rise  in  temperature  hinders  the  deposit.  Deposits 
made  the  meter  somewhat  slower  in  responding  to  a  change 
of  flow. 

It  is  possible  with  these  meters  to  measure  very  large 
volumes  with  a  single  unit.  The  one  in  Milwaukee  is  of 
3,000,000  ft.  per  hour  capacity. 

The  usual  range  of  accurate  registration  is  30  to  i.  They 
are  now  also  furnished  with  a  range  of  50  to  i. 

The  Thomas  electric  meter  has  been  regarded  as  reliable  by 
several  experimenters  who  have  made  very  careful  compari- 
sons of  the  Pitot,  Venturi  and  electric  meter  in  measuring 
very  large  voliunes  of  air  and  natural  gas.  It  appears  to  be 
winning  favor  in  this  latter  field,  where  it  is  especially  suited, 
on  account  of  its  large  capacity,  for  size  and  cost,  to  measure 
the  maximum  delivery  from  a  pipe  line  to  a  town  on  the  line. 
It  is  hoped  that  a  great  restraint  in  the  waste  of  natural  gas 
will  be  effected  if  the  volumes  are  measured  positively,  so  the 
unaccounted  for  g^s  may  be  traced  with  assurance. 

The  maximum  flow  of  natural  gas  to  a  town  is  often  30 
times  the  minimum. 
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Selection  of  a  Meter. 

This  discussion  of  the  limitations  of  the  meters  for  large 
quantities  of  gas  may  influence  the  choice  of  one  for  a  partic- 
ular purpose.  The  questions  of  confidence,  convenience,  ac- 
curacy and  cost  will  have  weight. 

Confidence  is  subjective  and  may  hardly  be  disputed. 

The  most  convenient  device,  the  crudest  Pitot  tube,  may,  by 
accident,  be  correct  under  the  conditions  when  it  is  used.  And 
it  is  claimed  and  apparently  proved,  that  a  Pitot  meter  includ- 
ing a  carefully  prepared  pipe,  placed  with  pains  in  a  favorable 
position  in  a  line,  is  correct  within  2  per  cent.,  at  favorable 
rates  of  flow, — over  25  linear  feet  per  second,  showing  about 
2/10  in.  water  pressure.  Twenty  careful  readings  are  made 
on  two  diameters  of  the  pipe. 

Here  convenience  is  somewhat  sacrificed  to  accuracy;  and 
then  one  cannot  believe  it  accurate  unless  he  proves  it. 

All  are  more  convenient  and  much  less  expensive  than  a  wet 
meter. 

The  cost  of  meters  for  large  volumes  of  gas  varies  so  widely 
that  it  is  worth  serious  consideration  whether  an  inferential 
meter  may  not  sufficiently  fulfil  the  requirements. 

It  is  a  mark  of  great  progress  in  the  industry  that  we  are 
enabled  to  use  one  of  several  kinds  in  manufacturing  and 
distribution  for  information  and  guidance. 

We  give  a  table  of  the  approximate  proportional  original 
costs  for  capacities  of  about  250  M  per  hour : 

Wet  station  meter 100 

Rotary 50 

Electric 38 

Proportional 30 

Venturi 12 

Pitot 3i 

The  cost  of  a  500  light  diaphragm  meter  passing  5,500  ft. 
per  hour  is  $275. 

It  may  be  noticed,  in  comparing  the  largest  sized  diaphragm 
meter  and  a  16  ft.  station  meter,  that  the  costs  are  as  i  to  33, 
and  the  capacities  as  i  to  45. 
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If  the  station  meter  were  rated  at  i8o  M  per  hour,  as  it  is 
sometimes  limited,  the  proportions  of  costs  and  capacities 
would  be  equal,  and  33  500  light  meters  would  replace  i 
16  ft.  meter  and  almost  in  the  same  space. 

It  is  not  suggested  that  a  battery  of  diaphragm  meters 
should  displace  a  wet  station  meter  in  the  works  or  at  any  other 
place,  especially  where  there  would  be  condensation,  but  this 
illustrates  the  fact  that  measuring  gas  by  volume  displacement 
meters  requires  large  apparatus. 

The  standard  conditions  for  measuring  and  declaring  the 
volume  of  gas  are  in  cubic  feet  at  a  barometric  pressure  of 
30  in.  and  at  60  deg.  and  saturated  with  water  vapor  at  this 
temperature.  These  conditions  are,  in  practice,  strictly  followed 
only  in  a  calorimetric  test.  In  a  photometric  test  the  actual 
excess  pressure  on  the  meter  is  generally  ignored,  although  if 
one  is  working  without  a  governor  on  gas  entering  or  leaving 
a  high  holder  it  is  worth  taking  into  account,  for  it  may  amount 
to  over  3  per  cent. 

In  testing  or  comparing  measuring  devices,  the  conditions 
are  seldom  the  standard  ones  on  either  meter,  and  all  must  be 
corrected  to  the  common  standard,  to  obtain  any  significant 
comparison;  therefore,  the  variation  from  atmospheric  pres- 
sure is  a  factor. 

In  measuring  gas  as  manufactured,  where  formerly  we  took 
for  results  the  figures  of  the  meter  at  random  temperatures, 
perhaps  at  about  60  deg.  at  the  season  of  the  greatest  make  in 
winter  and  much  higher  in  summer,  we  have  progressed  so 
that  most  companies  correct  for  temperature.  Some  in  addi- 
tion Correct  for  the  barometer.  Then  comparisons  may  fairly 
be  made  between  different  localities. 

A  few  carry  these  refinements  to  the  conclusion  and  correct 
for  the  pressure  on  the  meter ;  this  last  may  easily  be  significant 
enough  to  make  a  very  satisfying  increase  in  the  figures  of 
the  daily  results.  At  all  events,  it  aids  in  a  comparison  of 
different  times  and  places. 

There  was  an  argument  for  correcting  the  temperature  to 
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6o  deg.  that  by  so  doing  we  were  approaching  the  temperature 
of  the  consumers'  meters,  and  thus  reducing  the  "unaccounted 
for  gas."  Correcting  for  pressure  at  the  meters  would  tend  to 
increase  this  unaccounted  for  gas,  but  it  would  also  give  us  a 
truer  view  of  the  operations. 

These  remarks  have  application  to  displacement  meters. 
The  Thomas  Calorimetric  meter  makes  these  ccMrections  auto- 
matically, except  in  respect  to  the  varying  amount  of  water 
vapor  in  saturated  gas  at  diflFerent  temperatures.  This  error 
may  be  ignored.  But  is  also  compensated  for  by  locating  Ac 
temperature  difference  resistance  coil  in  the  gas  main  and  by 
forming  this  coil  of  a  material,  whose  resistance  decreases  at 
the  desired  rate  with  an  increase  of  temperature. 

The  velocity  meters,  Venturi,  Pitot  and  calibrated  orifices, 
which  must  derive  their  results  by  calculation,  or  by  calibra- 
tion under  fixed  conditions,  depend  upon  a  knowledge  of  tbe 
temperature  and  pressure,  and  also  of  the  specific  gravity  to 
indicate  the  flow  in  standard  cubic  feet. 

Tables  of  corrections  for  temperature  and  pressure  are  to 
be  fotmd  in  many  books ;  among  others,  in  the  1908  and  1913 
Proceedings  of  the  American  Gas  Institute. 

We  give  here  the  general  formula : 
Volume  at  60°  and  30"  -=  observed  volume  X 

/^                                        ,0   .    inches  water  pressure\ 
520  (Bar.  —  vapor  tension  at  t^  H ~- j 

(460  +  /°)  (30"  —  vapor  tension  at  60^) 
If  the  pressure  above  atmospheric  is  to  be  ignored,  the 
factor  of  water  pressure  is  made  zero. 

If  it  is  desired  to  declare  the  amount  of  gas  at  any  excess 
pressure  as  3  in.  pressure,  instead  of  at  the  meter  inlet  pres- 
sure, this  may  be  done  by  adding  to  the  volume  corrected  by 
the  factor  for  temperature  and  barometer,  at  60  d^.  and 
30  in.,  I  per  cent,  for  every  4  in.  less  than  the  meter  pressure. 
A  table  of  factors  to  add  to  the  metered  amounts  reduced 
to  60  deg.  and  30  in.  barometer  for  any  meter  inlet  pressure  to 
several  base  pressures  follows: 
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Base  pressure  and  per  cent,  added 


Meter 
pressure 

^ 

zT 

4" 

b" 

6" 

<: 

0.50 

0.25 

— 

— 

— 

1^ 

0.75 

0.50 

0.25 

— 

— 

w 

I.OO 

0.75 

0.50 

0.25 

— 

c 

1.25 

I.OO 

0-75 

0.50 

0.25 

8^' 

1.50 

1.25 

I.OO 

0.75 

0.50 

^/, 

1.75 

1.50 

1.25 

I.OO 

0.75 

i&' 

2.00 

1.75 

1.50 

1.25 

I.OO 

11'^ 

2.25 

2.00 

1.75 

1.50 

1.25 

12^^ 

2.50 

2.25 

2.00 

1.75 

1.50 

'3^,' 

2.75 

2.50 

2.25 

2.00 

1.75 

14"' 

3.00 

2.75 

2.50 

2.25 

2.00 

'K' 

3.25 

3.00 

2.75 

2.50 

2.25 

w 

3.50 

3.25 

3.00 

2.75 

2.50 

If 

3-75 

3.50 

325 

3.00 

2.75 

\^' 

4.00 

3-75 

3.50 

3.25 

3.00 

K 

4.25 

4.00 

3.75 

3.50 

3.25 

20'^ 

4.50 

4.25 

4.00 

3.75 

3.50 

Artificial  gas,  confined  over  water,  is  assumed  to  be  satu- 
rated with  vapor  of  water. 

It  has  been  the  aim  of  the  committee  in  preparing  this 
report  to  include  such  information  as  would  be  interesting 
and  helpful  to  manufacturers  of  artificial  gas  in  the  important 
branch  of  measuring  the  product. 

That  it  contains  little  that  is  original  or  novel  must  be 
excused  by  the  fact  of  the  recent  popularity  of  the  subject  of 
measuring  gas  as  evidenced  by  the  many  and  voluminous 
papers  on  the  art  and  apparatus  scattered  through  diflFerent 
journals  lately,  in  which  nearly  everything  that  can  be  said 
has  been  said,  and  in  which  even  simultaneous  duplication  of 
laborious  experiments  have  been  noted. 

The  following  papers  are  quite  extensive  and  contain  val- 
uable information  on  the  apparatus  and  theory  of  the  newer 
devices  for  gas  measurement,  with  many  illustrations: 

The  Measurement  of  Gases,   by  Prof.  C.  C.  Thomas,   Journal  of  the 

Franklin  Institute,  191 1.    40  pages. 
Some  Recent  Developments  in  Gas  Measuring  by  Prof.  C.  C.  Thomas, 

Proc.  American  Gas  Institute,  19 12.     40  pages. 
Flow  of  Gas  in  Mains,  by  W.  F.  Batten,  Proc.  American  Gas  Institute  , 

191 1.    30  pages  on  the  Pitot  Meter. 
Measurement  of  Flow  of  Gases  in  Mains,  by  Means  of  the  Pitot  Tube,  by 

A.  R.  Griggs,  Journal  of  Gas  Lighting,  1912. 
Measurement  of  Air  in  Fan  Work,   by   C.  H.  Treat,   Journal  Am.   Soc. 

Mech.  Engineers,  1912  and  1913.     36  pages  on  Pitot  Tube. 
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Measurement  of  Natural  Gas,  by  Thos.  R.  Weymouth,  Journal  Am.  Soc. 

Mech.  Engineers,  1912  and  1913.     20  pages  on  Ventnri  and  Pitot 
Venturi  Meter,  by  E.  P.  Coleman,  Trans.  Am.  Soc.  Mecfa.  Engineers, 

1909.     12  pages. 
Pitot  Tubes  for  Gas  Measurement,   by  W.  C.  Rowse,  Journal  Am.  Soc. 

Mech.  Engineers,  1913  and  1914.    65  pages. 
Measurement  of  Natural  Gas  in  Large  Quantities  with  Pitot  Tubes,  by 

B.  C.  Oliphant,  19 12,  Report  of  the  Natural  Gas  Association. 
Measurement  of    Gases  in   I^r^e  Quantities,  by  J.  C.  Wilson,  1914. 

Report  of  Natural  Gas  Association.     52  pages  on  Inferential  M^ers. 
Measurement  of  Artificial  Gas  in  Distribution  Systems,  by  J.  C.  WilsoD, 

Wisconsin  Gas  Association,   1914.    About  25  pages  on  the  Electric 

Meter. 

(Dr.  Wing  read  an  abstract  of  the  report.) 

The  Acting  Chairman  :  Before  taking  up  the  discussion 
on  this  paper,  the  Chairman  of  the  Nominating  Committee 
would  like  to  make  a  report. 

REPORT  OF  THE  SECTIONAL  NOMINATING 
COMMITTEE. 

Mr.  W.  Cullen  Morris  (New  York) :  I  have  been  advised 
that  Mr.  R.  B.  Brown,  one  of  the  three  nominees  that  the 
Committee  presented  to  the  meeting  yesterday,  has  with- 
drawn. I  have  endeavored  to  see  all  the  members  of  the 
Committee  since,  but  I  have  not  seen  all  of  them,  though  I 
have  gotten  in  touch  with  the  majority  of  the  Committee.  They 
have  suggested,  as  a  substitute  for  the  name  of  Mr.  Brown, 
that  of  Mr.  Herman  Russell.  I  think  it  should  be  acted  upon 
to-day. 

The  Acting  Chairman  :  You  have  heard  the  report  of 
the  Chairman  of  the  Nominating  Committee.  What  is  your 
pleasure  ? 

Capt.  W.  E.  McKay:  I  move  that  the  Secretary  of  the 
section  be  instructed  to  cast  the  ballot  of  the  section  for  the 
name  as  designated,  as  one  of  our  candidates  for  Vice- 
President. 

Motion  seconded. 

The  Acting  Chairman  :  It  has  been  moved  and  seconded 
that  the  Secretary  cast  one  ballot  for  the  name  designated  by 
the  Nominating  Committee.    All  those  in  favor  will  answer  in 
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the  usual  manner.  (Ayes.)  Opposed.  (No  response.)  It  is 
carried. 

The  Secretary:    I  so  cast  the  ballot. 

The  Acting  Chairman  :  We  will  turn  now  to  the  discus- 
sion of  the  Report  of  the  Committee  on  the  Measurement  of 
Gas  in  Large  Volumes.    Is  there  any  discussion  on  this  report  ? 

Mr.  J.  W.  Batten  (Detroit)  :  From  the  standpoint  of  effi- 
cient operation  of  a  plant,  accurate  measurement  of  the  various 
component  gases  forming  the  final  gas  for  distribution,  is  recog- 
nized as  a  prime  necessity.  The  method  to  be  adopted  for 
obtaining  this  information  must  possess  the  merit  of  recog- 
nized dependability  under  various  conditions  of  temperature, 
pressure,  and  cleanliness  of  the  gas.  A  large  proportion  of 
the  various  types  mentioned  in  the  report  of  Dr.  Wing's 
committee  has  met  the  conditions  required  in  a  few  plants,  to 
the  complete  satisfaction  of  the  operator.  Very  few  on  the 
contrary,  have  commended  themselves  to  gas  men  as  a  body, 
viewed  from  the  aspect  of  accuracy  and  continuous  reliability. 

During  the  past  year,  the  Detroit  City  Gas  Company  has  had 
a  Thomas  electric  meter  in  operation  at  its  Station  A  plant. 
As  explained  in  the  report,  the  fundamental  principle  upon 
which  this  meter  operates,  is  that  the  specific  heat  of  a  given 
gas  at  all  reasonable  temperatures  and  pressures  is  a  fixed 
quantity.  The  operation  of  the  meter  consists  in  the  increas- 
ing of  the  temperature  of  the  gas  passing  through  it  by  a  defi- 
nite number  of  degrees,  this  increase  in  temperature  being 
accomplished  by  the  interposition  of  an  electric  resistance  and 
being  automatically  controlled  within  the  limits  of  accuracy 
desired. 

For  success,  such  a  meter  must  take  cognizance  of : 

First:  The  maintenance  of  a  constant  pre-determined  dif- 
ference in  temperature  between  the  thermometer  coils, 
and  the  ability  to  readily  check  up  the  meter  to  see  that 
this  desired  differential  temperature  is  maintained. 

Second:  The  accuracy  of  the  watt  meter.  The  latter,  of 
course,  may  be  checked  by  comparison  with  a  standard 
watt  meter  of  known  accuracy.  The  delivery  by  the 
45 
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heating  units  of  the  desired  temperature  difference  may 
be  checked  by  the  removal  of  the  resistance  represent- 
ing the  rise  in  temperature,  and  the  resulting  balance 
of  the  Wheatstone  bridge  shown  by  the  return  of  the 
galvanometer  needle  to  its  zero  position. 
Inasmuch  as  the  watt  meter  registers  energy,  later  trans- 
formed quantitatively  into  heat,  and  as  the  heat  required  to 
raise  i  cu.  ft.  of  a  given  gas  i  degree  under  any  conditions  de- 
sired by  the  user  is  constant,  the  dial  of  the  meter  can  ob- 
viously be  made  to  read  in  terms  of  cubic  feet,  with  no  sub- 
sequent corrections  for  variation  in  temperature  and  pressure. 
Changes  in  the  water  vapor  content  and  in  the  composition  of 
the  gas,  affect  this  specific  heat  and  consequent  accuracy  of 
the  meter.    Theoretically,  in  normal  practice  these  are  small. 
In  actual  operation,  using  the  same  gas,  we  have  found  that 
they  may  be  neglected.    The  use  of  this  meter  on  coal  gas,  if 
the  heater  coil  has  been  designed  for  water  gas,  does  neces- 
sitate for  accurate  work,  the  use  of  a  small  correction  factor, 
usually  not  greater  than  2  per  cent.,  depending  on  the  varia- 
tion of  the  analysis  of  the  gas  being  measured  from  that  on 
which  the  heating  coil  was  based. 

Checks  on  the  accuracy  of  this  meter,  which  is  of  500,000 
cu.  ft.  per  hour  capacity,  were  carried  on  by  comparison  with 
a  i6-ft.  wet  meter,  and  also  a  500,000-ft.  holder  enclosed  in  a 
brick  building,  the  latter  giving  particularly  favorable  condi- 
tions  for  such  a  test.     Three  tests  conducted   at   intervals 
throughout  the  last  eight  months  give  results  as  follows: 
0.14  per  cent,  slow 
0.37  per  cent,  fast 
0.26  per  cent,  fast 
During  the  early  weeks  of  the  operation  of  this  meter,  dif- 
ficulties were  encountered  such  as  corrosion  and  consequent 
change  of  resistance  of  thermometer  coils.     These  difficulties 
have,  however,  apparently,  been  eliminated  as  the  above  tests 
would  indicate.    J)uring  this  period,  the  attention  given  the 
meter  consisted  in,  first,  supplying  oil  to  bearings  and  moving 
parts  twice  a  month ;  second,  removal  and  replacement  of  tape 
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records  monthly ;  third,  balancing  of  the  instrument  by  cutting 
out  the  heater  coil  and  observing  the  action  of  the  galvanometer 
needle.  This  may  be  done  as  frequently  as  once  each  week, 
15  minutes  being  required. 

No  deposits  have  been  discovered  on  the  coils  or  the  heater. 
None  would  be  expected,  as  their  temperature  is  higher  than 
that  of  the  gas,  though  deposits  could  have  no  effect  on  the 
accuracy  of  the  meter. 

This  meter  is  a  radical  departure,  in  principle,  from  that  of 
all  other  present  day  methods  of  measurement  of  gas  in  large 
volumes.  After  an  experience  of  eight  months  in  the  measure- 
ment of  water  gas  at  varying  temperatures,  and  hence  of 
varying  water  content,  and  with  considerable  fluctuation  in 
the  per  cent,  of  illiuninants,  it  is  our  opinion  that  this  meter 
should  be  given  serious  consideration  from  the  viewpoint  of 
accuracy  and  continuous  reliability. 

Mr.  J.  S.  Kennedy  (New  York)  :  Mr.  Chairman,  I  would 
like  to  ask  Mr.  Batten  if  he  can  tell  us  what  is  the  operating 
cost  in  kilowatt  hours  per  1,000,000  cu.  ft.  of  gas  measured? 
I  made  a  calculation  here  from  the  formula  on  page  699,  and 
roughly  figuring,  I  got  12  kilowatt  hours  per  1,000,000  ft.  of 
gas  measured.  At  5  cents  a  kilowatt  hour,  that  would  be 
60  cents,  or  about  $1.20  for  a  2,000,000  per  day  registration. 

Mr.  Batten:  The  cost  of  our  current  amounts  to  about 
1.2  cents  per  kilowatt  hour.  On  that  basis,  the  cost  of  operat- 
ing the  meter  amounts  to  about  i  cent  per  75,000  ft. 

Mr.  Kennedy:  I  would  like  to  ask  whether  the  electric 
type  meter  is  affected  by  a  pulsatory  flow  of  gas. 

Mr.  Batten:  We  had  no  difficulty  in  that  respect.  The 
meter  is  on  the  outlet  of  a  water  gas  exhauster.  Of  course, 
the  water  gas  exhauster  delivers  through  the  purifiers,  and  the 
pulsation  is  not  noticeable  under  those  conditions. 

Mr.  Kennedy:  There  is  another  point  which  I  want  to 
bring  before  the  Institute,  with  a  view  to  getting  a  little  dis- 
cussion. When  we  come  to  determine  the  accuracy  of  the 
inferential  meter,  it  is  usual,  at  least  so  it  is  stated  in  this  paper, 
to  compare  the  inferential  meter  against  the  registration  of  a 
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positive  wet  drum  meter.  The  positive  wet  drum  meter  is 
calibrated  at  a  low  volume  and  used  at  a  much  higher  volume. 
The  rate  of  flow  at  stated  capacity  is  very  much  in  excess  of 
the  rate  at  which  it  is  tested. 

I  do  not  think  we  have  any  grounds  for  assuming  that 
because  it  is  accurate  at  a  low  volume,  it  is  equally  accurate  at 
a  high  volume,  particularly  when  we  consider  that  meters  of 
the  positive  or  displacement  type  are  largely  affected  by  fric- 
tion, and  that  the  friction  increases  with  the  speed  or  the  rate 
of  flow.  Meters  of  the  inferential  type  are  automatically  cor- 
rected for  the  errors  which  might  be  induced  by  friction, 
because  the  friction  would  increase  with  the  pressure  or  veloc- 
ity, and  this  is  one  of  the  elements  or  factors  which  governs 
the  operation  of  an  inferential  meter.  I  think  you  will  find  in 
comparisons  of  the  inferential  meter  with  a  positive  meter  at 
high  rates  of  flow,  that  the  inferential  meter  is  apparently  fast. 
It  may  be  true  that  it  is  quite  accurate,  and  the  station  meter 
or  wet  drum  meter  with  which  it  is  compared  is  actually  slow. 
The  makers  of  the  wet  drum  station  meter  state  that  at  the 
higher  rates  of  flow,  the  depression  in  the  water  line,  which 
takes  place  in  the  measuring  compartment,  is  automatically 
taken  care  of  by  the  inflow  of  water.  I  could  never  feel  that 
this  was  true,  because  variations  in  the  rate  of  flow  may  take 
place  at  a  much  faster  rate  than  the  water  could  get  into,  or 
out  of,  the  inside  of  the  meter  to  compensate  for  the  variations 
of  water  level.  I  should  like  to  hear  from  the  other  gentlemen 
as  to  how  they  feel  on  this  particular  subject. 

Mr.  C.  H.  Hodges  (New  York)  :  One  thing  I  would  like 
to  speak  of  concerning  the  measurement  of  gas  from  a  works' 
standpoint.  The  barometer  will  run  anywhere  from  29  to 
31  in.  and  this  variation  will  make  a  difference  of  7  per  cent, 
in  volume  of  the  gas.  Take  a  water  gas  plant  and  this  varia- 
tion will  make  a  difference  of  over  2  lbs.  of  generator  fuel  and 
34  gal.  of  oil  per  thousand.  Consequently,  one  often  looks  for 
trouble  that  is  really  due  to  the  weather  changes.  Therefore. 
I  think  that  gas  at  the  station  meter  should  be  corrected  for 
barometer. 
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Mr.  J.  M.  SPITZGI.ASS  (Chicago)  :  I  have  already  benefited 
by  this  report.  I  had  to  test  a  few  proportional  meters  lately. 
I  was  very  glad  when  I  found,  especially  as  I  did  not  know 


be 


much  about  the  construction  of  these  meters,  that  I  had  such 
detail  here  that  I  could  go  by.  I  have  a  diagram  here  showing 
correction  curves  for  five  of  the  meters  I  have  tested  against 
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a  station  drum  meter.  The  horizontal  scale  of  the  diagram 
represents  the  proportional  meter  rate  in  thousands  of  cubic 
feet  per  hour;  the  vertical  scale  represents  the  station  meter 
rate  in  the  same  manner.  (Fig.  i.)  Here  are  the  rated 
capacities  of  those  meters,  beginning  with  175,000  up  to 
250,000  per  hour.  The  curve  for  No.  i  beginning  with 
93-5  per  cc"^-  at  the  lower  capacity  follows  practically  in  a 
straight  line  up  to  96  per  cent,  at  the  higher  capacity.  No.  2 
begins  with  102  per  cent.,  and  then  goes  down  lower  and  comes 
up  again  to  102  per  cent.  This  one  is  very  good.  No.  3  has 
114  per  cent,  on  20,000  per  hour.  It  comes  down  to  100  per 
cent,  on  60,000  per  hour,  ending  with  97.5  per  cent,  at  the 
highest  capacity,  on  220,000  per  hour.  No.  4  b^ns  with  88 
per  cent,  on  the  lowest,  comes  up  to  100  per  cent,  on  the 
highest  capacity.  This  is  the  way  we  found  them  after  they 
were  three  years  in  operation. 

I  was  at  odds  with  this  report  for  a  while,  for  it  said  that 
the  Pitot  tube  may  be  wrong  to  the  extent  of  10  to  20  per  cent, 
or  more,  but  when  they  said  in  the  same  paragraph  that  it 
contains  the  possibility  of  being  correct,  that  pacified  me,  as  1 
thought  I  will  get  that  possibility  and  will  make  it  correct.  I 
refer  to  the  equal-area  Pitot  tube  mentioned  in  the  previous 
paper.  That  Pitot  tube  was  designed  to  take  care  of  the 
points  which  tend  to  make  the  measurements  of  the  ordinary 
Pitot  tube  inaccurate.  Those  points  are  characterized  in  the 
first  paragraph  on  page  688,  which  says :  "In  order  to  profit 
by  the  possibilities  of  the  Pitot  tube  for  accurate  measurement 
it  is  necessary  to  be  much  more  painstaking.  The  aperture  to 
the  static  pressure  connection  must  be  such  that  it  is  not  influ- 
enced by  the  flow  of  the  gas  current.  The  pipe  is  divided  into 
concentric  rings  and  so  on."  These  points  are  taken  care  of. 
first,  by  making  the  openings  for  the  static  pressure  directed 
from  the  flow,  so  as  to  have  the  calibration  take  care  of  the 
full  syphoning  action  of  the  flow,  and  second,  by  having  the 
tube  instead  of  the  pipe,  divided  according  to  the  equal-area 
concentric  rings  of  the  cross  section  of  the  flow. 
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The  openings  of  the  tube  are  laid  out  according  to  the  fol- 
lowing equation : 

/2X—  i\« 


R.,  -R(^^r- 


Where  R^r  is  the  distance  from  the  middle  of  the  tube  to  any 
consecutive  opening;  R  is  the  radius  of  the  pipe,  or  half  the 
length  of  the  tube;  X  is  the  number  of  the  opening  from  the 
center;  and  N  is  the  total  number  of  openings  in  the  tube. 

With  a  set  of  tubes  laid  out  in  this  manner,  the  differential 
gauge  to  which  the  tubes  are  connected  will  indicate  the  true 
velocity  in  the  pipe,  without  any  special  effort  on  the  side  of 
the  operator. 

Mr.  L.  C.  RcxiERS  (Hutchinson,  Kan.):  (Written  discus- 
sion communicated.)  Dr.  Wing's  report  constitutes  an  im- 
portant contribution  to  the  technique  of  gas  measurement,  and 
credit  is  due  him  for  the  clear  and  concise  manner  in  which 
he  has  treated  his  topic. 

The  writer  of  this  brief  discussion  has  had  considerable 
experience  with  all  of  the  types  of  meters  mentioned  by  Dr. 
Wing,  using  both  natural  and  artificial  gas,  and  a  few  brief 
notes  may  serve  to  throw  additional  light  upon  the  rather 
difficult  problem  of  gas  measurement. 

As  pointed  out  in  the  paper,  the  station  meter  is  the  most 
accurate  and  reliable  instrument  which  we  have  for  measuring 
gas  in  large  volumes.  The  principal  disadvantages  of  station 
meters  are  high  initial,  installation  and  repair  costs,  and  the 
large  space  required. 

Not  long  ago  the  writer  was  requested  by  the  gas  company 
in  a  large  city  to  check  up  its  various  station  meters.  As  very 
little  interruption  to  the  service  could  be  permitted,  it  was 
necessary  to  use  the  simplest  apparatus  which  could  be  em- 
ployed, and  yet  a  very  close  degree  of  accuracy  was  requisite. 
The  Pitot  tube  or  Pitot  meter  was  selected,  and  a  type  of  Pitot 
tube  which  was  readily  adapted  to  traversing  the  various  gas 
mains  was  designed. 

Briefly,  this  Pitot  tube  consisted  of  a  solid  brass  tip  having 
the  usual  velocity  opening  in  front,  and  slots  i^  in.  long  at  the 
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sides  for  the  static  pressure.  This  tip,  approximately  5  in. 
long,  was  screwed  into  a  piece  of  brass  tubing  %  in.  outside 
diameter  and  4  ft.  in  length.  The  velocity  pressure  was  trans- 
mitted through  a  ^-in.  brass  pipe,  which  passed  through  the 
J^8-in.  tube,  and  the  static  pressure  was  transmitted  through  the 
annular  space  between  the  inner  and  outer  tubes. 

At  the  top,  the  two  tubes  terminated  in  a  T  provided  with 
a  stuffing  gland.  The  usual  manometer  connections  were  pro- 
vided at  the  T.  A  i-in.  brass  corporation  cock  was  screwed 
into  the  main  to  be  traversed,  and  a  stuffing  box  14  in.  in  length 
was  screwed  into  the  corporation  cock.  The  entire  arrange- 
ment made  the  traversing  of  a  pipe  a  very  simple  matter. 

The  manometer  used  was  the  usual  i  to  10  inclined  manom- 
eter, and  kerosene  of  known  gravity  was  used  for  obtaining 
the  differential.  In  order  to  obtain  the  co-efficient  of  this  tube, 
it  was  of  course  necessary  to  go  through  a  rather  elaborate 
series  of  tests.  In  order  to  facilitate  this  work,  the  gas  com- 
pany placed  at  the  disposal  of  the  writer  an  i8-ft.  station 
meter.  This  station  meter  was  first  carefully  calibrated  by 
means  of  a  meter  prover  of  known  accuracy.  The  Pitot  tube 
was  then  located  in  the  i6-in.  pipe  delivering  gas  to  the  meter, 
and  an  exhaustive  series  of  traverses  made  at  rates  varying 
from  40,000  to  200,000  cu.  ft.  per  hour. 

The  method  employed  consisted  in  dividing  the  area  of  the 
pipe  into  equal  areas  by  means  of  concentric  circles,  and  noting 
the  differential  when  the  Pitot  tube  tip  was  located  at  the  center 
of  each,  and  traverses  were  made  both  forward  and  backward, 
and  each  "run"  lasted  two  or  more  hours.  The  co-efficient 
curve  of  the  tube  was  found  to  be  flat,  and  showed  a  slight 
tendency  to  rise  as  the  velocity  increased. 

In  plotting  the  curve  for  the  value  C,  the  values  of  the  theo- 
retical velocities  as  per  Pitot  tube  or  V  =  y  2gH  were  plotted 
as  abscissa,  while  the  values  of  C  were  represented  by  ordi- 
nates. 

Various  formulas  have  been  suggested  for  the  Venturi 
meter  and  Pitot  tube.  The  writer  has  found  the  following 
development  both  simple  and  satisfactory: 
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The  derivation  is  as  follows : 

H  =  the  height  of  a  column  of  gas  of  uniform  density 
which   will  exert  a  pressure  equivalent  to   the 
differential  noted  on  the  manometer. 
W  =  the  weight  of   i   cu.   ft.  of  water  at  its  maximum 

density  =  62.426  lbs. 
w  =  the  weight  of  i  cu.  ft.  of  air  at  o^  C.  and  760  mm. 
of  mercury  barometer  pressure. 

W 

I.  H  —  — .    This  is  the  height  in  feet  of  a  column  of  air 

w 

equivalent  to  a  differential  of  one  foot  at  o^  C.  and  760  mm. 

Let  S  be  the  gravity  of  the  kerosene  used  in  the  manometer 
referred  to  water  (density  of  water  -    i.oo). 

WS 

II.  H  =- .    This  is  the  height  in  feet  of  a  column  of  air 

w 

equivalent  to  a  differential  of  one  foot  of  kerosene  at  0°  C. 
and  760  mm.  of  mercury. 

Now  let  s  be  the  gravity  of  the  gas  referred  to  air  at  the 
same  temperature  and  pressure. 

WS 

III.  H  =      —  .      This    is    the    height  of    a  column    of 

WS 

gas  equivalent   to  a  differential   of  one  foot  of  kerosene  at 
standard  temperature  and  pressure. 

Now,  letting  h  =  the  differential  in  mm.  of  kerosene,  and 
since  304.8  mm.  ==  i  ft.  we  may  write  equation  III  as 

IV.  H  --     ^^^     for  0°  C.  and  760  mm. 

304.  Sze^^ 

To  reduce  equation  IV  to  an  expression  for  pipe  condi- 
tions, we  have  the  following  : 

Let  P,  =  Standard  bar.  pres.  =  760  mm.  Hg. 
**    V,  =  Volume  at  o^  C.  and  760  mm.  =  i  cu.  ft. 
**    T,  =  Absolute  temperature  or  273®  C. 
'*    P,  =  Absolute  pres.  of  gas  passing  through  the  pipe 
--  P^  -}    P  when  P*  is  the  observed  barometer  reading  and  P  = 
Static  Pres.  in  mm.  of  mercury. 

Let  V,  =  the  volume  at  pipe  conditions. 
**   T,  —  the  absolute  temperature  of  the  gas  —  273  —  / 
where  /  is  the  observed  temperature  in  0°  C,  then  we  have 
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P V        P V  P VT 

PT 
Hence  V,       p^p* ;  multiplying  IV  by  the  value  of  V,  we  have 

WSP  TJi 

VI.  H  = ^   '  ^%L  .    This  may  be  simplified  as  follows: 

304.8a'5P,T,  •"  *^ 

^       62.426S(76o)T,A        ^  7.o65ST,^ 

o.o8o7jP,(273)(304.8)  ^P,       ' 

Now  let  Q  --  the  volume  in  cubic  feet  per  second, 

**     **     r  —  a  constant  determined  by  calibration, 

**     **    a  ~  the  area  of  the  pipe  in  square  feet  (if  a  Vcn- 

turi  meter  is  used  a  will  be  the  throat  area). 

Let  2^  ==  the  value  of  gravity.     Then  we  have  : 

VIII.  Q  -  cay^^j^.  Substituting  the  value  of  H  from 
VIII,  we  have  

IX.  Q  =  21.3  ra  J?^  cubic  feet  per  second  at  pipe  con- 
ditions.    Expressed  in  cubic  feet  per  hour,  IX  becomes 

X.  Q-  76,680  r«^|L^. 

In  actual  practice  it  is  customary,  where  a  series  of 
traverses  have  been  made  across  the  diameter  of  a  pipe  with  a 
Pitot  tube,  to  obtain  the  average  differential  for  correspond- 
ing positions.  The  square  roots  of  these  average  differentials 
for  corresponding  positions  is  then  extracted,  and  the  average 
of  the  square  roots  obtained,  li  h^  represents  the  average  of 
the  square  roots  thus  obtained,  X  may  be  written 

XI.  Q       76.680  ca&^^^K 
Equation  XI  may  be  written : 

XII.     Q  4l».2Cd'k,yj^. 

The  application  of  the  al>ove  formulae  is  well  illustrated 
by  the  following  data-  which  recently  obtained  on  the  calibra- 
tion of  two  Westinghouse  proportional  meters  used  in  meter- 
ing natural  gas  consumed  by  an  alkali  plant  in  the  west.  The 
meters  were  40,000  and  50,000  cu.  ft.  per  hour  capacity,  and 
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were  operated  in  parallel.  Just  previous  to  the  Pitot  tube  cali- 
bration, the  meters  had  been  calibrated  by  representatives  of 
the  gas  company  by  means  of  calibrated  orifices,  and  had  been 
pronoimced  correct.  A  lo  to  i  inclined  manometer  was  used 
for  noting  the  differential  obtained  during  the  traversing  of 
the  pipe.  Traverses  were  made  at  15-minute  intervals  for  a 
period  of  eight  hours. 

Gen  BR  A  r^  Data  prom  Travsrsbs. 

ATerage  difference 
Positiou  in  mm.  of  kerosene  f  a 

1 14.38  3.792 

2 15.26  3.906 

3 16.26  4.032 

4 19.27  4.390 

Middle 22.09  4.700 

4 22.09  4.700 

3 • 23.79  4.877 

23.58  4.855 

2 22.91  4.786 

» 22.59  4.753 

Average  4.479  or  A, 

Nominal  diameter  of  pipe  in  inche.s 8.00 

Actual  measured  diameter  of  pipe 8.32 

Average  static  pressure  of  gas  mm.  of  Ug 39.6 

Average  temperature  of  gas  in  o®C 26.25 

Average  temperature  of  kerosene  in  manometer  o^C.  31 .80 

Average  density  of  natural  gas 0.635 

Average  barometer  reading,  mm.  Hg 729.5 

Total  cubic  feet  of  gas  registered  by  both  meters 

for  8-hour  period. 556,150 

Equivalent  cubic  feet  jper  hour 69,520 

From  Pitot  tube  determinations  we  have  the  following  : 
Theoretical  velocity  by  Pitot  tube  from  formula  V  —  |/  5Ja  67.  i 
Value  of  r  from  co-efficient  curve 0.757 

Q  --  418.2  X  0.757  X  69.2  X  4.479  V"oSyX'-  • 
Q       68,980  cubic  feet  per  hour. 

^..r  69,520 — 68,980  ..    . 

Difference  -    -^^^^-77. — z — - —       078  of  i  per  cent. 
68.980  '  '^ 

This,  of  course,  is  a  fairly  close  agreement,  and  shows  that 
the  orifice  method  of  calibration  may  be  relied  on  for  accuracy. 

Mr.  C.  G.  Richardson  (Providence,  R.  I.) :  I  have  not 
prepared  a  written  discussion  on  this  valuable  paper  by  Dr. 
Wing,  but  I  should  like  to  make  a  few  remarks  from  an  en- 
gineering standpoint  concerning   the   Venturi   meter   for   the 
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measurement  of  gas.  We  may  have  an  idea  that  the  Vcnturi 
meter  has  been  only  recently  used  for  this  kind  of  service,  but 
such  is  not  the  fact.  Mr.  Herschel,  the  inventor  of  the  meter, 
in  making  the  report  of  his  original  experiments  on  the  meas- 
urement of  water,  stated  that  in  his  opinion,  the  principle 
would  undoubtedly  apply  equally  well  to  the  measurement  of 
gas,  air  and  steam. 

In  December,  1898,  Mr.  F.  G.  Gasche,  then  Steam  Engineer 
of  the  South  Works  of  the  Illinois  Steel  Company,  at  South 
Chicago,  111.,  developed  a  suitable  thermodynamic  formula 
for  the  use  of  the  Venturi  meter  in  measuring  gas,  steam,  air, 
etc.  Some  years  later,  in  1904,  the  accuracy  of  this  formula 
was  tested  at  the  Illinois  Steel  Company's  plant  in  the  meas- 
urement of  steam,  the  total  weight  being  obtained  by  dis- 
charging steam  through  a  condenser,  and  then  weighing  the 
condensate.  The  results  were  highly  satisfactory,  showing 
less  than  i  per  cent,  error. 

In  December,  1906,  Mr.  E.  P.  Coleman,  Steam  Engineer  of 
The  Lackawanna  Steel  Company,  Buffalo,  presented  before 
the  American  Society  of  Mechanical  Engineers,  a  paper  en- 
titled, "The  Flow  of  Fluids  through  a  Venturi  Tube."  This 
paper  gave  actual  results  from  tests  on  the  measurement  of 
gas. 

About  two  years  ago,  the  engineers  of  the  Illinois  Steel  Com- 
pany issued  a  volume  of  about  100  pages,  entirely  devoted  to 
the  use  of  the  Venturi  meter  for  the  measurement  of  liquids 
and  gases,  especially  the  latter.  This  volume  briefly  stated  the 
experience  of  the  Company  with  the  Venturi  meter  for  this 
kind  of  service,  gave  formulas,  results  of  tests,  proportions  of 
meter  tubes,  etc.,  and,  in  fact,  reduced  the  problem  to  definite 
standards.  At  the  present  time,  the  United  States  Steel  Cor- 
poration is  making  extensive  use  of  the  Venturi  meter  for  the 
measurement  of  gas. 

The  engineers  of  the  Builders  Iron  Foundry,  of  Providence, 
R.  I.,  manufacturers  of  the  Venturi  meter,  have  devoted  much 
attention  to  the  subject  for  a  number  of  years. 


Digitized  by  VjOOQIC 


7^7 

I  think  that  most  of  you  know  that  the  Venturi  meter  is 
composed  of  two  main  units,  the  meter  tube  and  the  register- 
ing instrument.  The  meter  tube  is  placed  in  the  pipe  line 
through  which  the  gas  flows,  and  is  made  in  several  sections. 
In  the  middle  is  a  contracted  portion,  called  the  throat,  and 
smaller  in  diameter  than  the  inlet  and  outlet  end  of  the  meter 
tube  which  match  the  diameter  of  the  main  pipe  line.  As  the 
gas  flows  from  the  inlet  towards  the  throat  of  the  meter  tube, 
the  velocity  greatly  increases  and  causes  a  temporary  drop  in 
pressure  at  the  throat.  The  difference  in  pressure  between 
the  inlet  and  throat  of  the  meter  tube  is  proportional,  accord- 
ing to  definite  laws,  to  the  rate  of  flow  through  the  throat. 
Two  pressure  pipes,  one  from  the  inlet  and  one  from  the 
throat  of  the  meter  tube  are  led  to  a  manometer  or  to  a  reg- 
istering device.  The  former  indicates  the  rate  of  flow  in  cubic 
feet  per  hour  or  per  day  on  a  graduated  scale,  as  shown  by  the 
difference  in  level  of  water  or  mercury  in  the  two  legs  of  the 
manometer.  The  register  is  a  much  more  complete  device ;  it 
indicates  the  rate  of  flow  on  a  circular  dial,  records  this  rate 
continuously  on  a  chart  and  gives  the  total  cubic  feet  on  a 
counter  dial. 

Attention  should  be  called  to  the  very  high  differential 
pressure  which  is  obtained  between  inlet  and  throat  of  the 
meter  tube,  amounting  to  about  20  in.  water  on  low  pressure 
gas  or  20  in.  mercury  on  high  pressure  gas.  A  very  large  force 
is,  therefore,  available  to  operate  a  registering  device  as  com- 
pared with  other  means  of  measuring. 

Another  point  often  misunderstood  is  the  possible  drop  in 
pressure,  due  to  the  contracting  of  the  meter  tube  at  the  throat ; 
for  instance,  the  contraction  of  a  12  in.  diameter  pipe  to  a 
6  in.  diameter  at  the  throat.  Attention  is  called  again,  how- 
ever, to  the  fact  that  the  drop  in  pressure  at  the  throat  is  only 
temporary,  since  after  the  gas  passes  the  throat,  the  velocity 
begins  to  decrease  and  the  pressure  to  be  restored.  When 
operating  at  the  maximum  capacity  for  which  the  meter  is 
adapted,  the  total  loss  in  pressure  between  the  inlet  and  outlet 
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of  the  meter  tube  for  low  pressure  gas  is  only  2  in.  water. 
Normally,  however,  the  Venturi  meter  operates  at  about  one- 
half  the  rate  of  capacity,  and  at  this  point,  the  permanent  loss 
of  pressure  is  only  0.5  in. 

As  Dr.  Wing  has  stated,  special  corrections  have  to  be  made 
to  the  readings  of  the  meter  for  variation  in  temperature,  pres- 
sure and  specific  gravit}^  It  is  known  definitely  how  to  modify 
the  apparatus  to  correct  automatically  for  these  variations,  bat 
up  to  this  time,  it  has  not  been  thought  advisable  to  complicate 
the  simple  mechanism  at  present  employed  by  such  attach- 
ments. Therefore,  a  correction  table  of  similar  arrangement 
to  the  ordinary  tables  in  use  is  furnished  for  such  factors  for 
variations  in  any  one  or  all  three  of  the  factors  above  noted. 
It  would  also  be  an  easy  matter  to  place  in  the  pipe  line  a  tem- 
perature recording  gauge  or  pressure  recording  gauge  or  both, 
the  chart  of  which  could  read  directly  in  correction  factors,  so 
that  one  could  easily  take  the  chart  from  the  registering  device 
and  apply  the  proper  correction  for  temperature  and  pressure 
for  each  hour. 

The  interior  of  the  meter  tube,  especially  the  throat,  should 
be  kept  clean.  In  the  measurement  of  coke  oven  gas,  naphtha- 
lene is  apt  to  form  in  cool  weather,  and  for  such  installations, 
a  meter  tube  surrounded  by  a  cast  steam  jacket  at  the  inlet 
and  throat  portions  is  furnished.  A  live  steam  connection  is 
made  to  this  jacket  through  which  the  steam  flows  slowly  and 
thus  keeps  the  tube  warm  enough  to  prevent  the  formation  of 
naphthalene.  If  very  dirty  gas  is  to  be  measured,  it  is  not 
usually  a  difficult  matter  to  place  the  meter  tube  on  a  by-pass 
line  with  blank  flanges  at  each  end,  the  arrangement  being 
such  that  the  gas  can  be  shut  off  from  the  meter  tube  and  the 
interior  brushed  out  after  removing  the  blank  flanges. 

One  other  important  feature  of  the  Venturi  meter  is  its 
adaptability  for  change  in  measuring  capacity.  When  the  out- 
put of  a  gas  plant  has  exceeded  the  maximum  capacity  of  the 
Venturi  meter  as  originally  installed,  one  or  two  sections  at  the 
middle  portion  of  the  meter  tube  may  be  removed  and  a  new 
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throat  substituted.  New  dials  and  charts  for  the  registering 
de\'ice  make  the  alterations  complete  at  a  comparatively  small 
expense,  and  the  purchase  of  a  new  mater  avoided. 

The  Acting  Chairman  :  Is  there  any  further  discussion  ? 
Dr.  Wing,  will  you  briefly  reply  ? 

Dr.  Wing:  Mr.  Chairman,  it  has  been  noted  a  few  times 
that  this  is  my  paper.  This  is  the  Committee's  paper.  I 
might  have  said  that  the  other  members  of  the  Committee  are 
Mr.  J.  S.  Kennedy,  Mr.  Carroll  Miller  and  Mr.  H.  L.  Under- 
hill,  and  then  we  have  been  assisted  by  a  number  of  other  gen- 
tlemen who  have  given  us  valuable  contributions  and  advice, 
and  I  take  this  opportunity  to  thank  everybody  for  helping 
along  the  Committee's  work.  As  to  the  points  brought  out  in 
the  discussion,  there  do  not  seem  to  be  many  things  for  me 
to  answer ;  they  answer  themselves,  or  they  were  not  questions 
addressed  to  me.  Mr.  Richardson  made  a  few  remarks  about 
the  Venturi  meter.  I  meant  to  have  emphasized,  when  I  was 
speaking  on  that,  that  in  using  it  you  get  quite  a  large  differ- 
ential pressure  for  reading  pressure,  and  very  little  loss  of 
pressure  in  the  line.  In  these  new  meters  that  I  have  had  a 
little  experience  with,  the  ratio  of  the  line  to  the  throat  was 
I  to  12,  and  where  we  were  passing  250,000  or  so,  through  a 
lo-in.  throat  the  ratio  of  the  loss  of  pressure  to  the  differential 
pressure  was  i  to  7.  The  loss  of  pressure  was  only  about 
0.3  in.,  and  that  makes  it  a  very  convenient  method  of  getting 
a  high  differential,  you  see,  with  very  little  loss  of  line  pres- 
sure.   I  think  there  is  nothing  more  for  me  to  say. 

Mr.  Hodges  raised  the  question  of  the  calibration  of  the 
electric  thermometers  in  the  Thomas  meter  and  the  possibility 
of  error  in  the  temperature  difference. 

The  thermometer  units  are  electrical  resistance  thermometers 
which  are  aged  under  severe  temperature  conditions  before 
their  installation  in  the  meter,  and  their  change  relative  to  each 
other  should  be  very  slight.  In  order  to  guard  against  any 
errors  that  might  occur  from  such  source,  arrangement  is  made 
for  balancing  the  two  thermometer  units  against  each  other 


Digitized  by  VjOOQIC 


720 

from  the  recording  panel.  This  is  done  by  breaking  the  heater 
current  and  allowing  gas  to  flow  through  the  units,  thus  bring- 
ing them  to  exactly  the  same  temperature.  The  perfect  balance 
of  the  thermometer  units  with  respect  to  each  other  is  indi- 
cated by  the  galvanometer  needle  which  swings  into  its  zero 
position.  Should  any  slight  change  have  occurred  over  a 
period  of  time,  provision  is  made  for  quickly  restoring  the 
original  balance  of  the  units. 

After  the  thermometer  units  have  been  balanced  against  each 
other,  a  temperature  difference  resistance  is  connected  in  series 
with  the  entrance  thermometer  which  determines  the  tempera- 
ture rise  to  be  brought  about  in  the  gas  by  the  heating  unit. 
This  temperature  difference  resistance  is  a  small  coil  made  in 
exactly  the  same  manner  as  resistance  units  which  have  been 
used  in  standard  electrical  measuring  instruments,  such  as 
Wheatstone  Bridge  testing  sets,  for  a  number  of  years.  Inas- 
much as  their  design  is  entirely  simple  and  inasmuch  as  they 
are  not  directly  exposed  to  the  gas,  there  is  no  appreciable 
change  whatever  in  their  calibration  over  long  periods  of  time. 

Then,  how  are  barometer  variations  provided  for  in  the  use 
of  the  Thomas  meter?  As  explained  in  the  paper  and  in  Mr. 
Batten's  discussion,  the  Thomas  meter  depends  for  its  opera- 
tion upon  a  physical  property  of  the  gas  which  does  not  vary 
with  variations  in  pressure  or  temperature,  and  because  of  this 
fact,  results  are  obtained  from  the  Thomas  meter  dial  directly 
in  standard  units  at  30  in.  barometer,  60"*  F.,  r^;ardless  of  any 
variation  in  pressure. 

Mr.  H.  M.  Spear  (New  York):  I  move  that  a  vote  of 
thanks  be  extended  to  Dr.  Wing  and  the  Committee  for  the 
very  valuable  report  which  they  have  submitted. 

The  motion  was  seconded  and  passed. 

The  Acting  Chairman:  If  there  is  no  objection,  we  will 
reopen  the  discussion  upon  Mr.  Gilpin's  paper  on  the  testing  of 
burners,  and  Mr.  Bond  has  furnished  a  written  discussion  on 
that,  which  the  Secretary  will  read. 

The  Secretary  then  read  the  remarks  of  Mr.  Bond  as  printed 
on  page  403. 
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The  Acting  Chairman  :  Gentlemen,  you  have  heard  the 
discussion ;  is  there  any  action  on  it  ? 

Mr.  J.  H.  Taussig  (Philadelphia)  :  I  move  that  the  Manu- 
facturing Section  recommend  that  the  Institute  consider  at 
to-morrow  morning's  meeting,  the  adoption  of  the  Carpenter 
burner  as  a  standard  for  the  testing  of  gas  for  candle-power. 

The  Acting  Chairman  :    Is  the  motion  seconded? 

A  Member:    I  second  it. 

The  Acting  Chairman  :  The  motion  has  been  duly  made 
and  seconded.  Is  there  any  discussion  on  this  motion?  All 
those  in  favor,  will  answer  in  the  usual  manner.  (Ayes.) 
Opposed.    (No  response.)    The  motion  is  carried. 

The  next  paper  is  "Purifier  Installations,"  by  Mr.  C.  E. 
Paige,  of  Maiden,  Mass. 

PURIFIER  INSTALLATIONS. 

Importance  of  Purification. 

The  matter  of  the  purification  of  illuminating  gas  is  one 
which  is  necessarily  being  given  constantly  increasing  atten- 
tion. At  present,  it  cannot  be  stated  that  purification  methods 
have  been,  or  are,  capable  of  standardization.  In  many  plants 
impurities  are  removed  by  methods  which  would  be  entirely 
impracticable  in  other  plants. 

In  discussing  the  matter,  it  should  be  borne  in  mind  that 
there  are  many  conditions  which  determine  how  purification 
problems  are  to  be  solved  in  various  gas  works. 

With  the  development  of  gas  as  a  commercial  possibility  in 
the  latter  part  of  the  eighteenth  century,  it  was  realized  that 
if  the  industry  were  ever  to  reach  proportions  which  would 
make  it  of  the  greatest  possible  value,  the  gas  must  be  freed 
from  foreign  matter  and  impurities.  In  the  earlier  days, 
manufactured  gas  was  chiefly  produced  by  the  destructive  dis- 
tillation of  coal  in  retorts  of  one  form  or  another.  In  those 
days,  the  disposition  of  the  coke  was  about  the  only  simple 
matter  that  presented  itself  to  the  gas  manufacturer.  Other 
residuals  presented  real  problems.  The  economical  utilization 
46 
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of  by-products  had  not  yet  been  considered,  and  the  recovery 
for  commercial  purposes  of  tar  and  ammonia,  as  well  as  the 
by-products  of  lesser  importance,  was  entirely  beyond  the  con- 
ception of  the  earlier  gas  manufacturers. 

The  problem  of  the  purification  of  gas,  as  far  as  the  removal 
of  sulphur  compounds  was  concerned,  had  not  presented  itsdf. 
It  was  not  in  fact  until  a  comparatively  few  years  ago  that  the 
matter  of  purification  has  required  serious  attention.  There 
are  many  considerations  which  have  compelled  gas  engineers 
to  look  into  the  problem  of  purification  more  closely  within 
recent  years.  Every  one  is  familiar  wtih  the  unpleasant  odor 
resulting  from  burning  illuminating  gas  containing  any  very 
great  quantity  of  ammonia  or  sulphur  in  its  various  com- 
pounds. From  the  service  point  of  view,  therefore,  it  becomes 
essential  to  keep  these  impurities  in  illuminating  gas  at  a 
minimum. 

The  problem  has  become  of  increasing  importance  to  most 
companies  who  from  necessity  are  obliged  to  use  coals  con- 
taining a  considerably  greater  quantity  of  sulphur  than  was 
the  case  a  number  of  years  ago.  For  many  years,  there  has 
been  a  tendency  toward  a  public  regulation  of  the  quality  of 
gas,  with  the  result  that  a  g^eat  ntunber  of  cities  and  a  number 
of  states  now  have  specific  laws  or  ordinances  relating  to  the 
matter. 

Methods  of  Purification. 

When  the  necessity  for  purification  of  gas  from  sulphur 
compounds  first  became  recognized,  the  use  of  slaked  lime 
was  common.  This  was  satisfactory  when  low  sulphur  coals 
were  used  and  where  economy  was  of  no  particular  impor- 
tance. With  the  constantly  decreasing  price  of  gas  to  con- 
sumers, there  has  been  a  constantly  increasing  effort  on  the 
part  of  gas  engineers  to  cut  down  production  costs.  The  pos- 
sibilities of  making  large  savings  in  the  cost  of  purification 
soon  became  apparent.  Where  originally  purification  costs 
were  measured  in  terms  of  cents  per  i,ooo  ft.  of  gas  made, 
purification  is  not  now  considered  economical  unless  it  is 
reduced  to  tenths  of  cents  per  i,ooo  ft. 
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The  use  of  lime  for  purification  has  been  superseded  quite 
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generally  by  the  use  of  oxide  of  iron  and  various  natural  ores. 
There  is  a  strong  belief  on  the  part  of  some  engineers  that 
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sulphur  compounds  will  be  removed  ultimately  by  some  form 
of  washing  process.  Mr.  H.  M.  Papst,  of  Portland,  Oregon, 
describes,  in  his  paper  on  "The  Removal  of  Organic  Sulphur 
in  Gas,"  read  before  the  American  Gas  Institute  in  1910,  a 
method  of  breaking  down  the  sulphur  compounds  by  heating 
the  crude  gas  in  shells  filled  with  checker  brick.  After  this 
treatment,  the  impurities  chiefly  in  the  form  of  HjS  are 
easily  and  economically  removed.  In  the  same  year,  Mr. 
M.  E.  Mueller  read  a  paper  on  the  extraction  of  cyanogen 
from  coal  gas  at  the  Astoria  Works.  Perhaps  the  most  inter- 
esting contribution  to  the  purification  problem  during  the 
present  year,  is  the  paper  read  by  Mr.  Charles  Carpenter 
before  the  Institution  of  Gas  Engineers  in  Liverpool  last  June, 
on  "Purification  by  Heat:  A  Century's  Progress  and  Lessons." 
In  this  paper  the  development  of  heat  purification  possibilities 
is  thoroughly  discussed. 

Purifier  Installations. 

Many  papers  have  been  written  on  the  various  methods  of 
accomplishing  the  economical  purification  of  gas.  W^  are,  in 
the  present  discussion,  concerned  not  so  much  with  the  theory 
of  the  removal  of  impurities,  our  object  being  that  of  "Purifier 
Installations." 

When  purifier  installations  began  to  be  important  items  in 
the  cost  of  a  gas  plant,  boxes  built  of  cast  iron  were  commonly 
used.  These  boxes  were  usually  built  with  sheet  iron  covers 
reinforced  across  their  area  with  I  beams  or  angle  irons. 
Boxes  were  usually  placed  4  in  a  set  and  were  controlled  from 
one  central  point  by  a  center  seal  valve.  Covers  were  of  the 
wet  seal  type,  the  sides  of  the  cover  dipping  into  a  channel 
filled  with  water  on  all  four  sides  of  the  box. 

The  center  seal  valve  answered  its  purpose  very  well  for  a 
number  of  years,  but  its  use  has  been  largely  discontinued  in 
purifier  equipments  more  recently  installed,  because  of  the 
difficulty  in  keeping  the  joints  suflficiently  gas  tight  to  prevent 
the  gas  by-passing  from  one  section  to  another.  Perhaps  a 
still  greater  objection  to  this  device  is  that  with  the  ordinary 
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center  seal  system,  only  3  boxes  out  of  4  can  be  kept  in  opera- 
tion, one  always  being  "out"  for  cleaning.  As  a  result  only 
three- fourths  of  the  total  purifying  capacity  is  effectively  al 
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work.    The  gate  valve  system  permits  of  keeping  all  4  boxes 
in  operation  except  for  the  time  of  emptying  and  refilling.    In 
this  way  maximum  purification  is  accomplished  and  the  largest 
possible  proportion  of  the  investment  is  kept  actively  in  use. 
While  there  is  a  hope  that  some  form  of  liquid  purification 
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will  ultimately  be  employed  for  removing  at  least  a  large  part 
of  the  sulphur,  yet  from  present  developments  there  is  noth- 
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ing  to  show  that  oxide  or  dry  purification  will  be  entirely 
superseded. 

The  treatment  of  gas  in  all  its  stages  of  purification  is  es- 
sentially a  question  of  chemistry,  and  anyone  who  takes  the 
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position  that  any  present  process  is  final,  exhibits  a  lack  of 
imagination. 

Sulphur  exists  in  gas  in  various  forms,  all  of  which  are 
objectionable,  and  oxide  removes  effectively  only  one  of  them. 
If  a  process  should  be  discovered  which  would  absorb  all 
forms,  and  convert  any  one  form  into  some  other,  which  might 
readily  be  absorbed  by  a  liquid  in  the  same  manner  in  which 
ammonia  is  absorbed,  then  if  such  process  were  itself  simple, 
we  would  have  very  nearly  an  ideal  method,  because  liquid  and 
gas  can  be  brought  into  common  contact  with  small  apparatus 
and  at  minimum  expense. 

As  far  as  these  processes  have  at  present  been  developed, 
they  are  dependent  upon  such  delicate  balances  not  yet  reduced 
to  automatic  control,  that  we  find  skill  necessary  for  their 
proper  operation,  which  is  lacking  in  the  ordinary  works. 

We  find  purifiers  of  all  types  and  descriptions  throughout 
this  country, — cast  iron,  steel,  rectangular  and  circular,  inside 
and  outside  of  buildings,  and  in  the  West  we  find  purifien 
made  of  wood.  Unquestionably  the  local  conditions  determine 
largely  the  type  of  installation  at  any  good  plant. 

Malden  Installation. 

Some  time  ago  the  purifying  capacity  at  Maiden  required 
extension.  At  that  time  the  plant  had  an  average  output 
throughout  the  year  of  1,700,000  cubic  feet  per  day,  of  which, 
900,000  cubic  feet  was  coal  gas  and  800,000  cubic  feet  was 
water  gas.  The  purifying  equipment  consisted  of  two  sets  of 
apparatus.  There  were  four  boxes,  24  ft.  x  20  ft.  x  3  ft  deep 
in  one  set.  These  boxes  were  connected  with  i6-in.  pipes,  and 
were  operated  by  a  center  seal  These  boxes  were  rated  at 
approximately  750,000  cu.  ft.  per  day,  but  frequently  there 
were  hours  when  double  this  quantity  of  gas  had  to  be  passed 
to  keep  the  necessary  maigin  of  storage. 

The  other  installation  consisted  of  five  cast  iron  boxes. 
25  ft.  X  25  ft.  X  s  ft.  10  in.  deep.  These  boxes  were  equipped 
with  20-in.  connections,  and  four  of  them  were  controlled  by 
water  valves.    The  fifth  box  was  designed  as  a  lime  box,  and 
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had  ordinary  gate  valve  connections.  These  boxes  were  of 
the  dry  lute  type,  while  the  set  first  mentioned  were  of  the 
ordinary  wet  seal  construction.  In  each  case  the  boxes  were 
arranged  in  a  row.  In  the  case  of  the  smaller  installation,  the 
oxide  is  raised  to  the  upper  floor  by  a  hydraulic  elevator,  and 
from  there  wheeled  to  the  various  boxes.  This  is  an  expensive 
way  of  handling  material.  A  bucket  elevator  with  a  cork- 
screw ccMiveyor  has  been  tried,  but  it  was  found  that  this  con- 
veyor pulverized  the  oxide  to  such  an  extent  that  back  pressure 
troubles  were  very  frequent.  Its  use  was,  therefore,  discon- 
tinued. 

In  the  larger  installation,  a  hydraulic  elevator  is  supple- 
mented by  a  conveyor  installation.  Throughout  the  entire 
length  of  the  series,  about  two  feet  below  the  floor  level  on  the 
lower  floor,  there  is  a  belt  on  which  the  purifying  material 
may  be  dumped.  This  feeds  into  a  bucket  conveyor,  which 
lifts  the  oxide  to  a  distributing  belt  above  the  boxes.  This 
belt  is  equipped  with  a  movable  dtmip  arrangement.  This  ap- 
paratus is  satisfactory  in  using  manufactured  oxide,  but  in 
the  use  of  natural  ore,  we  have  had  much  trouble  with  the 
material  clinging  to  the  belt,  in  spite  of  brushes  which  have 
been  used. 

Our  principal  consideration  in  planning  for  an  extension 
of  equipment,  is  ground  space  and  investment.  We  had  a 
definite  area  in  which  boxes  could  be  located;  we  wished  to 
utilize  this  to  the  greatest  possible  advantage  as  far  as  maxi- 
mum purifying  capacity  was  concerned. 

In  working  out  the  purifying  capacities,  we  used  the  formula 
given  in  the  Catechism  for  Gas  Engineers.  This  necessarily  is 
more  or  less  of  an  approximation,  because  the  condition  of  the 
oxide  used  and  the  sulphur  content  of  the  gas,  are  variable 
factors  which  must  be  included  in  the  consideration. 

In  deciding  upon  our  form  of  installation,  we  reasoned  as 
follows :  There  are  many  types  of  boxes,  but  we  are  looking 
for  the  installation  best  suited  to  our  conditions.  Essentially 
the  purifying  box  is  only  a  container  of  material.       Other 
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things  being  equal,  it  would  be  efficient  according  to  its  area 
and  depth ;  therefore,  it  \W)uld  be  equally  efficient  whether  built 
of  steel,  cast  iron,  wood  or  concrete,  circular  or  rectangular. 

The  absorbing  eflfect  of  the  oxide  being  considerably  in- 
influenced  by  temperature,  it  is  important  that  this  be  maintain- 
able, and  not  of  consequence  otherwise,  whether  the  boxes  be 
located  inside  or  outside  of  a  building,  or  whether  heated  f  rc»n 
the  inside  or  outside,  or  not  heated  at  all,  if  the  gas  is  itself 
of  such  temperature  as  will  maintain  the  temperature  of  the 
oxide. 

We  have  conditions  of  investment  to  consider.  Everything 
else  being  equal,  outside  purifiers  have  the  advantage,  by  rea- 
son of  requiring  no  elaborate  building  with  heavy  fixed  diaiges. 
Again,  other  things  being  equal,  we  recognize  the  advantage  in 
outside  purifiers  as  being  safer  to  operate,  as  chaises  are  made 
in  the  open  air  and  there  is  much  less  danger  of  asph3rxiation. 

The  question  of  design  is  more  complex.  First,  the  gas 
passes  through  a  loose  spongy  material ;  we  know  that  it  is 
important  that  it  pass  through  the  entire  area  of  this  material; 
we  also  know  the  importance  of  having  this  material  distri- 
buted uniformly  so  that  there  will  be  equal  resistance,  resulting 
in  an  equal  rate  of  flow  through  the  entire  area.  We  see  at 
once  that  if  the  material  is  to  be  loaded  into  the  box  from  a 
single  point,  such  as  an  elevator  spout,  there  is  necessarily  a 
greater  tendency  to  compact  or  densify  the  material  that  lies 
immediately  under  the  spout,  and  according  to  the  men  who 
distribute  the  oxide  from  this  point  of  discharge,  there  may  be 
a  greater  or  lesser  density  over  the  entire  area  of  the  box.  It 
becomes  important,  therefore,  to  so  design  the  box  that  the 
distribution  of  oxide  will  insure  equal  density,  with  the  least 
requirement  for  supervision  of  the  workmen. 

For  the  above  reasons,  we  believe  that  as  much  as  possible 
of  the  entire  top  of  the  box  should  be  removable,  as  otherwise 
equal  distribution  of  the  material  becomes  difficult.  If  cir- 
cular purifiers  are  used,  the  cover  must  be  as  great  in  diameter 
as  possible,  to  facilitate  even  distribution  of  the  material. 
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Rectangular  steel  boxes  present  the  difficulty  of  maintaining 
rigid  sides  that  will  not  bulge  in  spots  under  pressure  and  thus 
let  the  gas  slip  up  past  the  oxide.  All  steel  construction  most 
readily  lends  itself  economically  to  circular  forms,  so  that  the 
tensile  strength  of  the  metal  may  be  employed  to  resist  the 
gas  pressure  and  maintain  a  rigidity  of  wall.  Cast  iron  is 
expensive,  particularly  for  high  pressure,  and  where  exposed 
to  cold  and  local  temperature  changes,  is  liable  to  crack.  Cast 
iron  has  greater  permanency,  and  steel  has  lesser  life,  in  the 
presence  of  oxide. 

The  question  of  materials  of  construction  is,  therefore,  more 
particularly  one  of  expediency.  If  we  wish  to  avoid  the  con- 
struction of  a  building,  we  must  consider  some  form  of  insu- 
lation for  the  boxes.  We  wish  to  take  advantage  of  the  natural 
insulation  of  the  ground,  but  we  could  not  very  well  place 
metal  structures  below  the  ground  level.  This  led  us  to  the 
consideration  of  concrete. 

The  first  point  that  occurred  to  us  in  connection  with  the 
matter  was  the  question  of  how  often  it  would  be  necessary 
to  change  the  material  in  the  boxes  and  the  most  economical 
manner  in  which  to  accomplish  this  shift.  If  the  changes  must 
be  made  frequently,  we  felt  that  some  economical  means  of 
accomplishing  this  would  be  necessary.  Such  a  condition 
would  be  presented  with  a  high  sulphur  coal. 

On  the  other  hand,  if  the  oxide  handling  apparatus  would 
be  used  only  six  or  eight  times  a  year,  the  maintenance  and 
depreciation  would  probably  more  than  offset  the  saving  in 
labor  for  doing  the  same  work  manually.  For  the  present, 
therefore,  we  decided  that  the  best  way  to  remove  the  oxide 
would  be  by  shovelling,  and  that  the  top  edge  of  the  box  should 
be  placed  only  far  enough  above  the  surface  of  the  ground 
so  that  it  could  be  emptied  by  shovels. and  filled  by  wheel- 
barrows with  the  minimtun  change  in  elevation. 

In  order  to  attain  the  greatest  possible  purifying  capacity 
for  a  given  area,  we  concluded  that  it  would  be  wise  to  make 
these  boxes  double  depth,  that  is  to  say,  so  deep  that  they 
would  require  two  stage  shovelling  for  unloading.    We  felt 
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that  this  would  be  economical  in  the  long  run  because  our 
boxes  would  be  of  sufficient  capacity  so  that  frequent  changes 
would  be  unnecessary. 

Another  very  important  consideration  in  deciding  on  types 
of  installations  are  the  connections.  With  a  box  placed  under- 
neath the  ground,  the  connections  take  up  a  minimum  of  sur- 
face area,  and  also  have  the  advantage  of  considerable  natural 
insulation. 

The  next  question  then  naturally  arises  as  to  what  objection 
there  could  be  to  concrete.  We  have  been  led  to  believe  that 
concrete,  properly  mixed,  becomes  harder  and  harder  as  time 
goes  on.  The  only  serious  objection  that  we  can  find  is  the 
possibility  of  the  boxes  leaking.  We  know  that  to  make 
concrete  water  tight,  the  material  must  be  carefully  prepared 
and  carefully  placed.  We  know  that  to  make  concrete  air 
tight  is  an  even  more  serious  problem, — ^to  make  it  gas  tight 
presents  a  problem  which  we  know  requires  the  greatest  pos- 
sible care,  but  we  also  know  that  it  has  been  done.  With 
concrete  boxes  placed  in  the  ground,  we  felt  that  our  risks 
from  corrosion  or  bulging  were  minimized,  and  if,  for  any 
reason,  there  should  be  any  cracking  due  to  settlement,  the 
cracks  might  be  effectively  patched  with  cement.  Heavy  con- 
crete walls  partly  buried  in  the  ground  furnish  a  natural  in- 
sulation which  is  valuable,  and  the  heat  losses  cannot  be 
serious  except  with  the  exposed  top. 

Then  there  is  the  question  of  safety.  Serious  accidents 
have  occurred  with  various  types  of  boxes  sheltered  in  houses, 
these  accidents  taking  the  form  of  asphyxiation  and  explosion. 
It  is  fair  to  assume  that  there  is  just  as  great  liability  of  acci- 
dent in  any  one  type  of  box  as  another,  but  the  resultant 
dangers  are  reduced  where  the  box  is  in  the  open. 

We  finally  concluded  to  build  concrete  boxes,  and  four  of 
these  boxes,  each  25  ft.  x  30  ft.  x  10  ft.  deep,  gave  us  an  in- 
stallation in  our  available  area  with  sufficient  room  on  the  side 
of  the  boxes  for  handling  the  oxide  during  the  revivification 
of  material.  These  boxes  were  equipped  with  20-in.  connec- 
tions and  with  a  direct  \^lve  gate  system.    The  walls  of  each 
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box  are  2  ft.  thick,  except  where  the  wall  of  one  dox  adjoins 
the  wall  of  another,  and  in  this  case,  the  walls  are  12  in.  thick 
with  a  pitch-filled  space  of  ^  in.  between  them. 

It  was  found  on  excavation  that  the  soil  was  coarse  sand 
giving  us  a  very  good  bottom  for  the  concrete.  The  bottom 
of  the  boxes  are  9  in.  thick.  We  concluded  that,  although 
somewhat  more  expensive,  it  would  be  wise  to  have  the  boxes 
all  cast  at  one  time;  in  other  words,  to  make  a  monolith  as 
far  as  possible. 

When  the  forming  was  completed,  concreting  was  started 
and  kept  up  continually  until  one  box  was  completely  finished. 
To  secure  a  dense  concrete,  a  mixture  of  1-3-5  was  used.  To 
insure  safety  at  maximum  capacity,  a  presstu-e  of  two  pounds 
per  sq.  in.  was  agreed  upon  for  test  purposes.  This  pres- 
sure was  to  be  applied  at  sundown  when  there  would  be  a 
minimum  contraction  or  expansion  effect  resulting  from  heat. 
The  pressure  was  to  be  sustained  for  a  half  hour,  with  a  loss 
of  not  more  than  one-eighth  of  a  pound. 

To  insure  safety,  the  covers  of  the  boxes  were  reinforced 
with  1 5- in.  I  beams.  These  covers  were  of  the  dry  lute  type, 
the  gasket  coming  down  on  an  I  beam  imbedded  in  the  con- 
crete. 

The  first  tests  on  the  boxes  were  disappointing,  as  we  found 
it  difficult  to  hold  up  any  pressure  at  all.  We  then  directed 
our  effort  toward  making  one  box  tight  before  undertaking  any 
experiments  on  the  remaining  number.  Various  forms  of 
water-proofing  compounds  were  used  without  success.  Finally 
the  surface  of  concrete  inside  the  box  was  chipped,  a  J^-in. 
layer  of  practically  neat  cement  was  applied  with  trowels,  and 
after  this  had  set  up  for  a  time,  a  coating  of  pitch  was  put  on. 

These  boxes  were  to  be  used  for  water  gas  purification; 
we  knew  that  the  oils  in  the  water  gas  would  probably  cut 
the  pitch,  but  we  felt  that  gradually  the  pitch  coating  would 
be  replaced  by  a  coating  of  water  gas  tar  and  oil  which  might 
penetrate  more  deeply  into  the  concrete,  but  which  would  in- 
sure greater  tightness  with  age. 
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This   box   passed   the   test  very   successfully.    The  other 
boxes  were  treated  in  the  same  way,  except  for  the  coating  of 
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pitch,  which  was  not  applied.  Gas  was  turned  on  and  the 
boxes  have  been  in  continuous  use  for  more  than  a  year.  *  They 
have  been  opened  up  for  examination  from  time  to  time,  and 
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we  find  that  our  theory  is  correct.  The  inside  surfaces  of  the 
boxes  have  been  thoroughly  coated  with  water  gas  tar  and  oil, 
with  the  result  that  these  surfaces  now  present  a  dull  black 
appearance,  but  we  are  unable  to  observe  any  leakage  what- 
ever. 

In  figuring  up  the  costs  of  purifying  capacity,  it  is  difficult  to 
establish  a  unit  of  comparison,  as  there  are  so  many  considera- 
tions which  enter  into  the  matter.  In  comparing  investment 
costs,  it  seems  that  the  fairest  unit  to  take  would  be  the  cubic 
feet  of  oxide  capacity.  Calculating  the  cubical  contents  of 
these  boxes  and  allowing  20  per  cent,  for  beams,  trays,  ducts, 
etc.,  we  find  that  the  actual  costs  of  the  installation  per  cubic 
foot  of  net  oxide  capacity  is  slightly  more  than  84  cents. 

These  boxes  are  equipped  with  four  layers  of  trays  and  with 
inlet  and  outlet  ducts,  so  arranged  that  the  gas  may  enter  at  the 
middle  and  go  up  and  down  through  the  oxide,  or  may  enter 
at  the  top  and  bottom  and  leave  at  the  middle,  or  may  enter 
through  the  top  or  bottom,  leaving  the  box  at  the  point  op- 
posite the  point  of  admission. 

QUESTIONAIRE  ON  PuRlFlER  InSTAI<LATIONS. 

While  the  above  information  applies  specifically  to  the  recent 
installation  at  Maiden,  it  is  felt  that  a  comparison  of  other 
types  of  boxes  might  be  interesting.  Accordingly  a  series  of 
questions  was  sent  out  to  a  great  ntunber  of  gas  companies, 
and  many  replies  have  been  received.  The  companies  which 
have  furnished  information  in  connection  with  these  compari- 
sons are  identified  only  by  number,  as  are  also  the  photographs 
shown  in  connection  with  the  paper. 

Some  of  the  questions  which  were  asked,  with  typical 
answers,  were  as  follows : 


Are  boxes  inside  or  ouUide 

steel,  iron 

circular  or 

of  buildings 

or  concrete 

rectangular 

I.      Inside 

Cast  iron 

Rectangular 

2a.     Inside 

Cast  iron 

Square 

2b.    Outside 

Steel 

Square 

3.      Outside 

W.  G.  steel 

Circular 

Outside 

C.  G.  steel 

Rectangular 

4.      Inside 

Cast  iron 

Rectangular 
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Are  boxes  itiiide  or  outside 

Steel,  iron 

circular  or 

of  buildings 

or  concrete 

rectangular 

5.      Inside 

Cast  iron 

Rectangular 

6.       Inside 

Cast  iron 

Rectangular 

7.      Outside 

Steel 

Circular 

8.      4  Inside 

Cast  iron 

Rectangular 

2  Outside 

Concrete  &  steel 

Rectangular 

9.       Inside 

Cast  iron 

Rectangular 

Outside 

Steel 

Circular 

10.       Inside 

Cast  iron 

Rectangular 

13.      Inside 

Cast  iron 

Rectangular 

14.      Outside 

Steel 

Circular 

16.      Outside 

Steel 

Circular 

17.      3  Inside 

Cast  iron 

Rectangnlar 

I  Outside 

Steel 

Circular 

19.      Outside 

Steel 

Circular 

20.       Inside 

Cast  iron 

Square 

25.      Inside 

Steel 

Circular 

41.      Outside 

Concrete 

Square 

Number  of  boxes 

If  steel  or  iron. 

If  concrete. 

and  inside  dimensions 

thickness  of  metal 

thickness  of  walls 

I. 

4-8^x5^x3^ 

H" 

2a. 

24—40'  X  40'  X  8^2'^ 

H''SLji>' 

2b. 

8-34'  X  34'  X  I3'3'' 

V&H" 

3- 

3     21'  diam.  x  11'  deep 

4— 3c/  X  2</  X  4' 

4. 

8-3</  X  36^  X  8' 

H" 

4—21'  X  35'  X  12' 

— 

5. 

4—16'  ic/'x  12'  k/' 

X  3' 10* 

6. 

*     4— 2C/  X  35'  X   IC/ 

a" 

4-23'x3<yx7'6'' 

H" 

7. 

3  -21' diam.  x  ii'6'' 

deep  »,." 

8. 

4—25'  X  20^  X  6' 

I'SiH" 

2  -4</  X  4c/  X  16' 

i6»& 

18^  Exp.  metal 

9- 

20'  X  20'  X  7' 

H" 

21'  X  II' 

5,     // 

lo. 

20^  X  20^  X  11' 

i"&i^" 

13. 

40'  X  40^  X  10' 

I" 

14. 

25'  X  12' 

^" 

16. 

23' X  12' 

X" 

17. 

2—12'  X  12'  X  5' 

l" 

r  — 20'  X  12'  X  12' 

I" 

1-21' X  ii'6" 

^''' 

19- 

4-i7'6"xii'6" 

«'' 

20. 

4-35' X  35^  X  12' 

>4'' 

25. 

35' X9' 

X'' 

41. 

4-25'  X  25'  X  8' 

2'6" 

sides-i'8"botl< 
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Q.  Give  description  of  purifying  box  cover. 

2a.  Crowned  one  way  and  stiffened  by  13  internal 
angle  iron  trusses,  28  in.  deep  at  center,  holding 
down  lugs  being  secured  on  the  top  of  the  ends 


Figs.  6  and  7. — (No.  19)  Outside  steel  boxes. 

of  7  of  these  trusses.  Holding  down  device 
consists  of  a  parallel  bar  fastened  to  steel  sup- 
porting structure,  and  provided  at  top  with  an 
eccentric  roller,  operated  by  hand  lever. 
36  in.  water  seal  equipment  provided  with  32  in. 
break-seal  boxes  ahead  of  purifiers. 


47 
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2b.  Crowned  one  way  and  stiffened  with  5  internal 
lattice  trusses,  each  3  ft.  3  in.  deep  at  center. 
Eleven  holding  down  lugs  on  each  side  of  cover, 
making  44  per  box ;  hinged  bolts  with  nuts  used 
to  secure  cover. 
3.  Water  gas  boxes,  circular  flat  cover,  reinforced 
with  radial  I  beams;  square  asbestos  gasket 
used,  which  is  satisfactory. 

14.  Covers  all  steel.  Five  4  ft.  diameter  manholes. 
Dry  seal  with  red  lead  for  gasket,  which  is 
satisfactory. 

i6a.  Steel  circular  cover  15  ft.  ii^  diameter;  %  in.  sted 
plates  riveted  on  to  angles  inside  of  cover. 
Asbestos  gaskets  used,  but  are  not  very  satis- 
factory.   Braided  hemp  to  be  tried. 

22.  Steel  boxes,  dry  seal;  bolted  hatch  of  the  marine 
or  navy  type.  Cast  iron  boxes  converted  wet 
seal  to  dry  seal  by  dispensing  with  seal  and 
bolting  cover  down. 

25a.  The  cover  to  these  boxes  is  in  two  parts ;  a  mov- 
able cover  20  ft.  in  diameter,  which  is  built  with 
an  angle  iron  rim,  consisting  of  a  flat  top,  sup- 
ported on  radial  built-up  girders  on  the  outside. 
At  the  center,  these  are  connected  by  a  circular 
plate,  and  on  the  outside  there  is  a  carrier  for 
the  holding-down  screws.  The  fixed  top  is  in 
the  form  of  a  frustrum  of  a  cone,  the  inside 
edge  of  which  is  fastened  to  a  Z-bar  ring,  on 
which  the  movable  cover  rests. 

25b.  Cover  built  for  dry  seal. 

25c.  Up  to  the  present  time,  the  gaskets  have  been 
rubber,  and  have  been  in  use  about  9  years. 
They  have  deteriorated  to  such  an  extent  that 
they  will  have  to  be  replaced,  and  when  we 
make  this  replacement,  it  will  be  with  special 
asbestos  gaskets. 
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32a.  Covers  are  made  of  3/16  in.  charcoal  iron,  and  are 
designed  for  24  in.  water  seal.  y 

32b.  The  top  plate  of  cover  is  made  of  No.  10  steel, 
covering  the  entire  area  of  the  box.  Plate  is 
strengthened  with  6  stiffeners,  each  composed 
of  2  angles  with  a  web  plate  between  them. 
The  sides  are  channels  of  sufficient  depth  to 
make  the  necessary  joints  at  comers  with  end 
plates,  and  are  provided  with  flanges  for  bolting 
down.  The  end  plates  are  provided  with  angles 
used  as  stiffeners,  and  flanges  for  bolting  down. 
An  internal  angle  encircles  the  top  of  the  cover 
for  holding  fast  the  sides  and  top;  ties  are 
provided  on  interior  to  hold  cover  in  shape. 
Dry  seal  covers  with  ^  in.  square  asbestos  pack- 
ing, which  is  satisfactory.  These  boxes  will 
operate  at  a  pressure  of  34  in.  of  water. 

36.  The  top  is  permanently  fixed  with  4  round  doors 

5  ft.  in  diameter.  There  are  2  rectangular  doors 
in  the  side  of  the  box.  The  doors  are  dry 
sealed  with  cotton  packing  and  red  lead,  which 
is  perfectly  satisfactory.  The  boxes  were  tested 
to  30  lbs.  pressure,  but  are  being  operated  at 
less  than  i  lb. 

37.  Covers  are  made  of  steel,  and  built  for  dry  seal, 

with  ^  in.  asbestos  gaskets  with  interwoven 
copper  mesh.  There  are  2  blow-offs  with  test 
cocks  bolted  to  top  of  each  cover. 

y.  (a)  how  many  layers  of  purifier  material  are  used? 
(6)  In  what  manner  are  trays  supported?  (c)  Does  gas  pass 
up  through  all  the  material,  or  are  the  boxes  designed  for 
divided  flow?  (d)  Are  connections  designed  for  reversing  the 
flow  of  gas  ? 

In  practically  all  cases,  the  number  of  layers  depends 
directly  upon  the  depth  of  the  boxes.    The  minimum  layer  of 
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oxide  reported  is  a  little  less  than  2  ft.;  the  maximttm  is 
about  4  ft. 

In  the  smaller  installations,  particularly  those  of  the  earlier 
type,  the  gas  passes  up  through  the  oxide  without  any  means 
for  reversing  the  flow.  In  the  larger  boxes,  the  flow  is  divided, 
and  in  many  cases,  connections  are  arranged  so  that  the  direc- 
tion of  the  flow  of  gas  may  be  reversed  if  necessary. 
Q.  Describe  method  of  revivification  of  material. 
Practically  the  same  method  is  used  in  all  of  the  companies 
reporting.  Very  few  use  any  machinery  in  connection  with 
oxide  handling  during  revivification.  The  oxide  is  usually 
piled  from  12  in.  to  30  in.  deep,  and  is  turned  as  frequently  as 
conditions  make  necessary. 

In  a  few  of  the  plants,  oxide  is  being  reclaimed  by  burning 
after  it  has  absorbed  its  complement  of  sulphur  once.  This 
method  is  worked  out  very  satisfactorily  in  one  or  two  in- 
stances. In  some  cases,  however,  it  has  been  tried  without 
very  good  results. 

Q.  Are  boxes  loaded  by  machinery  or  by  hand? 
In  practically  all  installations  where  the  boxes  are  25  ft. 
square  or  larger,  there  is  apparatus  for  loading  the  boxes,  and 
in  nearly  all  installations  where  boxes  are  placed  above  floor 
level,  dumps  are  provided  through  which  the  boxes  may  be 
unloaded. 

Q.  If  boxes  are  out  of  doors,  describe  method  of  protection, 
if  any. 

2b.  The  sides  of  the  boxes  are  encased  in  hollow  brick 
walls  4j4  in.  thick,  the  covers  are  lined  with 
horizontal  wooden  false  ceilings,  and  the  above 
ground  gas  mains  are  lagged  with  an  asbestos 
hair  felt,  roofing  felt  and  canvas  covering  about 
2j4  in.  thick.  Recently  one  line  of  ij4  in- 
steam  pipe  has  been  put  in  under  each  of  the 
3  layers  close  to  the  inside  walls  of  the  box, 
making  3  squares  each  of  130  linear  ft  of 
ij4  in.  pipe  connected  in  series,  in  each  box. 
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The  idea  is  to  use  enough  steam  in  each  of  the 
box  heating  coils  to  prevent  loss  in  temperature 
of  the  gas  while  passing  through.  The  con- 
densed steam  is  returned  to  open  heater  in 
boiler  house. 

8.  Steam  coils  in  covers  of  outside  boxes. 

9.  Boxes  are  lagged  and  are  surrounded  with  a  4  in. 

hollow  brick  wall,  leaving  an  air  space. 
17.    The  outside  box  is  surrounded  by  brick  wall,  con- 
sisting of  one  layer  of  brick. 
19.    Box  kept  well  painted. 
41.    Concrete  boxes.    Earth  banked  up  around  sides. 

Q.  In  view  of  recent  developments,  would  you  advocate 
increasing  capacity,  if  it  were  necessary,  by  the  same  type  of 
installation  which  you  now  have  ? 

Almost  without  exception  the  companies  report  that  they 
would  use  the  same  form  of  installation  as  they  now  use,  but 
many  would  eliminate  the  center  seal  and  use  a  valve  system, 
and  would  also  convert  wet  seal  boxes  into  dry  seal  boxes. 

Q.  What  is  the  approximate  cost  of  a  box  per  cubic  foot  of 
net  oxide  capacity  (allowing  for  displacement  of  tray  sup- 
ports, ducts,  etc.)  with  and  without  building? 

Concrete  boxes  vary  from  85  cents  to  slightly  over  $1.00. 

Outside  steel  boxes  vary  from  $1.00  to  $1.25. 

Inside  cast  iron  boxes  without  building  vary  from  $1.25  to 
$2.25 ;  with  building  they  vary  from  $2.30  to  $3.40. 

Q.  On  what  basis  is  depreciation  figured. 

In  one  case  boxes  are  made  of  copper  steel,  containing  J4 
per  cent,  copper,  and  it  is  expected  that  the  depreciation  will 
be  very  small. 

In  some  cases  no  depreciation  is  figured,  as  the  matter  is 
taken  care  of  under  maintenance.  The  average  depreciation  is 
about  5  per  cent. 

Q.  Do  you  have  state  or  municipal  restrictions  r^[arding 
purity  of  gas? 

Practically  every  company  reporting  has  either  state  or 
municipal  restrictions  and  in  some  cases  both. 


Digitized  by  VjOOQIC 


742 

Q.  Do  you  use  purifying  material  of  your  own  manufacture, 
or  do  you  buy  the  material  outside? 

The  majority  of  companies  make  their  own  material,  the 
remainder  buy  part  of  their  material  outside. 

Q.  Are  your  boxes  equipped  with  perforated  steam  or  water 
pipes  to  prevent  fire  or  explosion  when  the  box  is  to  be  opened? 
What  arrangement  have  you  for  a  purpose  of  this  kind?   Can 
you  suggest  any  accident  prevention  methods  which  can,  or 
should,  be  adopted  in  the  construction  or  operation  of  boxes? 
2a.  Steam  is  introduced  directly  into  the  box  below 
each  of  the  two  layers  for  ij4  hours  after  inlet 
and  outlet  valves  have  been  shut  and  cap  on 
cover  removed.     High  pressure  steam  is  used 
through  one  ^  in.  connection  under  lower  layer 
and  two  between  the  two  layers.    Do  not  con- 
sider introduction  of  steam  in  this  manner  to 
be  of  much  service,  and  there  is  some  question 
if  it  does  not  tend  to  cause  local  heating  when 
material  is  dtunped. 
After  valve  boxes  are  closed,  it  might  be  advis- 
able to  displace  the  gas  in  the  box  with  an 
inert  gas,  such  as  boiler  flue  gas,  same  being 
cooled  before  being  pumped  into  box. 
6.     Steam  jets  into  sides  of  boxes. 
8.     Perforated  spray  pipes  for  steam  or  water. 

Use  no  lights  about  purifying  equipment  except 
electric  lamps  enclosed  in  marine  globes.  Have 
an  iron  clad  rule  prohibiting  lights  (except  as 
described)  or  fire  within  lOO  ft.  of  any  purify- 
ing box.  Prohibit  smoking  within  same  dis- 
tance. Have  purifying  equipment  in  charge  of 
a  steady,  careful  man.  Have  usual  fire  fighting 
material  handy,  as  for  other  parts  of  works. 
No  other  precautions  are  necessary,  except 
those  used  wherever  gas  is  handled.  Accidents 
are  chiefly  due  to  carelessness  or  laxity  of  rules. 
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J  3b.  A  J4  in.  high  pressure  steam  inlet  under  each 
oxide  layer  in  a  box.  A  copious  supply  of  steam 
on  opening  an  active  box  filled  with  oxide. 

14.  Water  hydrants  adjacent  to  changing  doors  and 
fire  holes. 

1 6a.  Does  not  feel  that  there  is  much  fire  risk  in  out- 
side boxes,  unless  an  attempt  is  made  to  revive 
the  oxide  in  place. 

22.  Accidents  are  prevented  by  never  allowing  air  in 

box  from  bottom.  Fire  hose  is  laid  out  ready 
to  protect  top  of  oxide  in  box.  Dumping  doors 
on  bottom  of  box  should  have  air  tight  connec- 
tions extending  through  oxide,  thereby  prevent- 
ing any  air  from  circulating  underneath  oxide. 
Box  to  be  dumped  to  be  cut  out  one  day  before 
dumping. 

23.  There  are  steam  connections  to  inside  of  boxes. 
29.    A  single  steam  connection  is  tapped  into  bottom  of 

box.    No  perforated  steam  or  water  pipes. 

Besides  the  above,  there  is  a  fire  hose  connected  to 
water  supply  adjacent  to  each  box.  There  are 
no  exposed  lights.  Electric  lights  are  used ;  the 
wire  is  placed  in  rigid  conduits  and  marine 
globes  are  used  with  the  lamps. 

To  prevent  asphyxiation  accidents,  building  should 
be  amply  ventilated  and  sufficient  and  unob- 
structed exit  facilities  be  provided.  Also,  first 
aid  appliances,  oxygen  tank,  pulmotors,  etc., 
should  be  readily  accessible. 

When  revivification  in  the  boxes  is  practised, 
tubes  should  be  inserted  in  the  oxide  at  loca- 
tions distributed  throughout  the  area  for  the 
insertion  of  thermometers,  and  the  regular 
observation  of  same  while  revivification  is  in 
process,  in  order  to  detect  in  time  a  dangerous 
rise  in  temperature  in  any  portion  of  the  bed. 
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32a.  No  steam  or  water  jets.    Fire  protection  consists 
of  hose  connections  from  works  fire  system. 
The  following  general  suggestions  are  made: 
Plenty  of  light  from  windows  in  the  daytime, 

and  vapor-proof  electric  lights  at  night 
Good  ventilation.    If  boxes  are  of  the  cheese 
box  type,  sufficient  ntunber  of  roomy  doon 

on  the  sides  of  the  boxes. 
Devices  to  prevent  men's  hands  and  feet  from 

being  caught  and  bruised  by  moving  parts  of 

cover  lifting  carriage. 
Substantial  runways  for  wheelbarrows. 
Good  efficient  elevator  safety  gates. 
38.     Boxes    are    provided    with   cast    iron,    sectional, 
flanged  chutes,  with  a  cover  on  top  of  each 
extending  up  through  the  material  from  bottom 
openings. 

UnUSUAI<  INSTAI.LATIONS. 

We  find  in  many  cases  that  unusual  conditions  have  obliged 
engineers  to  make  rather  unusual  installations.  For  instance, 
in  one  plant  there  are  2  purifying  houses,  one  erected  in  1887 
and  the  other  in  1901.  The  former  contains  8  20  ft.  x  24  ft 
boxes  on  2  floors,  and  the  latter  2  30  ft.  x  30  ft.  boxes.  The 
unusual  feature  of  this  plant  is  that  the  20  ft.  x  24  ft.  boxes 
are  located  on  the  second  and  third  floors  of  the  building, 
4  boxes  to  each  floor,  and  one  set  directly  over  the  other.  This 
arrangement  was  to  economize  space.  It  requires  an  expen- 
sive type  of  building  with  abnormally  heavy  walls. 

In  California,  we  find  that  another  type  of  box  is  in  use 
which  is  interesting.  In  1904,  it  was  decided  to  extend  the 
purifying  capacity  at  Oakland,  California.  It  occurred  to  Mr. 
E.  C.  Jones  that  a  circular  wooden  tank,  made  of  redwood 
staves,  2  in.  thick,  with  a  wooden  bottom  and  top  made  of  the 
same  material,  and  fastened  into  the  staves  by  chimes,  the 
same  as  a  barrel  head,  would  admirably  answer  the  purpose 
for  an  outdoor  purifier  in  a  climate  where  the  temperature 
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never  goes  below  40  deg.  and  seldom  above  85  deg.    The  only 
difficulty  was  to  obtain  a  redwood  tank  that  would  not  dry  up 
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and  fall  to  pieces.  He  found  that  the  Pacific  Tank  Company, 
of  San  Francisco,  constructed  oil  tanks  of  redwood  staves, 
with  grooves  running  lengthwise  of  the  staves,  and  a  series  of 
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holes  bored  through  the  staves  crosswise.  These  holes  and 
grooves  all  terminated  at  a  common  inlet  at  the  top  of  the  tank 
just  above  the  chimes,  and  by  filling  the  top  of  the  tank  with 
water  to  a  depth  of  about  2  in.,  a  circulation  of  water  takes 
place  continually  through  all  the  staves.  The  water  is  then 
permitted  to  drop  slowly  on  the  top  of  the  tank,  and  overflows 


Fig.  II.— Concrete  purifiers  at  Maiden. 


into  a  drain  at  the  bottom.  This  keeps  the  staves  water  soaked 
and  swollen  in  place,  and  the  tank  itself,  constructed  of  Cali- 
fornia redwood,  will  practically  last  forever. 

Their  first  boxes  were  30  ft.  in  diameter  and  9  ft.  deep,  and 
were  surrounded  by  flat  hoops.  These  were  afterwards 
changed  to  round  steel  hoops  to  avoid  rusting  and  to  facilitate 
painting.  The  tops  of  the  boxes  are  heavily  trussed  and  these 
trusses  are  anchored  to  railroad  iron  set  in  a  concrete  founda- 
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tion.  This  is  to  withstand  the  great  pressure  on  the  cover  due 
to  the  large  area.  The  first  set  of  boxes  were  coated  on  the 
inside  with  paraffin,  and  then  lined  with  canvas  prepared  with 


M 

if 

a 

8 


a 
o 

'•M 

3 

03 

.5 

u 


a 
O 


o 

2; 


be 


boiled  linseed  oil  similar  to  the  preparation  of  balloon  cloth. 
It  was  afterwards  found  that  this  was  unnecessary,  and  that 
the  redwood  tanks  were  absolutely  gas  tight  without  any 
coating. 
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In  closing,  the  writer  wishes  to  express  his  thanks  to  vari- 
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ous  gas  men  throughout  the  country  who  have  contributed 
information  in  connection  with  this  paper. 

(Mr.  Paige  read  an  abstract  of  his  paper.) 

The  Acting  Chairman:  Mr.  Paige's  very  interesting 
paper  is  now  open  for  discussion.  Is  there  any  discussion  on 
this  paper  ? 

Mr.  E.  H.  Earnshaw  (Newark) :  Mr.  Chairman,  I  have 
been  much  interested  in  Mr.  Paige's  paper,  and  prepared  a 


Digitized  by  VjOOQIC 


751 

short  discussion,  which  is  not  a  discussion,  really,  but  some- 
thing of  an  addition  to  it.  Mr.  Paige  described  his  method  of 
increasing  capacity  by  putting  in  concrete  boxes,  and  I  have 
described  the  method  adopted  by  the  Public  Service  Gas  Com- 
pany to  meet  conditions  requiring  additional  capacity.  Mr. 
Paige  has  given  us  a  good  description  of  the  purifiers  at 
Maiden  and  his  reasons  for  selecting  the  type  of  installations. 

The  Public  Service  Gas  Company  has  adopted  for  several  of 
its  plants  a  combined  system  of  cast  iron  boxes  housed,  and 
circular  steel  boxes  outside,  which  differs  in  some  details 
from  any  of  the  installations  described  by  Mr.  Paige.  A  brief 
description  of  this  system  may  be  of  interest. 

The  original  purifier  equipment  at  the  West  End  Gas 
Works,  in  Jersey  City,  consisted  of  four  cast  iron  boxes  housed 
in  a  brick  building,  each  box  being  36  by  36  by  6  ft.  deep. 
About  S,ooo  bushels  of  oxide  was  the  charge  for  each  box,  in 
two  layers  30  in.  deep.  The  boxes  were  arranged  in  a  square, 
and  a  centrally  placed  vertical  elevator  with  revolving  dis- 
charge chute,  together  with  ample  dumping  doors  in  the  bot- 
toms of  the  boxes,  made  it  possible  to  handle  the  oxide  with 
considerable  economy  of  labor. 

In  1909,  the  output  of  the  works  reached  the  normal  maxi- 
mum of  7,000,000  per  day,  for  which  the  purifying  plant  was 
designed,  and  it  became  necessary  to  put  in  additional  ap- 
paratus. 

In  our  climate,  filling  and  emptying  outside  unprotected 
purifying  boxes  in  winter,  is  anything  but  cheap  or  pleasant, 
and  in  considering  the  matter  of  increased  capacity,  it  was  our 
desire  to  retain  the  benefits  of  purifiers  housed  in  a  warm 
building,  while  keeping  the  capital  investment  down  to  the 
lowest  point. 

We  finally  decided  to  build  boxes  without  a  surroimding 
house,  and  to  connect  these  outside  boxes  with  those  inside 
the  house  in  such  a  manner  that  two  inside  boxes  would  work 
in  series  with  two  outside  boxes.  As  the  foul  gas  always 
passes  through  one  or  two  inside  boxes  before  reaching  the 
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outside  boxes,  the  latter  become  in  reality  "catch  boxes,"  and 
the  quantity  of  hydrogen  sulphide  remaining  in  the  gas  reach- 
ing them,  is  relatively  so  small  that  the  oxide  can  be  revivified 
in  place,  without  difficulty  or  danger. 

The  equipment  of  the  catch  boxes  includes  apparatus  for 
furnishing  air  blast,  and  the  boxes  are  revivified  in  rotation, 
practically  each  one  every  four  days.  This  keeps  the  oxide  in 
the  catch  boxes  always  active  and  enables  us  to  get  very  full 
duty  out  of  the  boxes  inside  the  house. 

The  experience  of  four  years  has  shown  that  the  outside 
boxes  do  not  need  to  be  refilled  oftener  than  once  a  year.  We 
have  made  it  a  practice  to  examine  the  boxes  every  year  in  the 
late  summer,  so  as  to  be  ready  for  the  heavy  sendout  of  tiie 
fall  and  winter,  but  usually  it  has  only  been  necessary  to  put 
new  oxide  in  one  layer. 

We  will  this  year  reach  an  average  make  through  this 
system  of  purifiers  of  about  11,000,000  per  day,  with  a  maxi- 
mum of  over  14,000,000.  The  average  yearly  cost  of  puri- 
fying labor,  which  includes  emptying  and  refilling  boxes  and 
revivifying  oxide,  has  never  exceeded,  and  is  usually  less  than, 
o.io  cents  per  1,000. 

The  water  seals  on  the  inside  boxes  limit  the  pressure  wc 
can  use  to  force  gas  through  the  boxes,  and  to  pass  gas  at  any 
rate  over  about  13,000,000  per  day,  it  is  necessary  to  put  all 
the  inside  boxes  on  singly,  so  that  the  gas  is  divided  into  four 
streams  before  it  reaches  the  catch  boxes. 

We  believe  that  by  changing  the  water  seals  to  dry  lutes,  so 
that  the  initial  pressure  can  be  raised  to  40  in.  or  more,  Ae 
installation  will  have  a  normal  purifying  capacity  of  about 
16,000,000  per  day,  with  an  overload  capacity  of  18,000,000  to 
20,000,000  by  dividing  up  the  flow  of  g^s  through  the  inside 
boxes. 

The  circular  steel  outside  catch  boxes  at  this  plant  are  36 
ft.  in  diameter,  and  16  ft.  high  with  an  8  in.  brick  encasing  wall 
around  each  box.  A  box  holds  about  9,500  bushels  of  oxide 
in  3  layers  each  4  ft.  thick.     At  this  plant,  the  gas  enters  at  the 
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top,  but  this  has  been  found  to  be  not  desirable,  and  in  later 
installations,  the  gas  is  made  to  enter  at  the  bottom. 

Mr.  J.  S.  Kennedy  (New  York)  :  I  was  very  much  inter- 
ested in  Mr.  Eamshaw's  remarks  on  his  installation,  as  it 
illustrates  what  may  be  done  by  working  a  set  of  purifiers  at 
rates  much  beyond  the  capacity  that  is  usually  accepted  as 
standard  practice.  The  plant  with  which  I  am  connected  has 
an  installation  of  boxes,  the  capacity  of  which  would  ordi- 
narily be  rated  at  between  4,000,000  and  5,000,000  a  day,  yet, 
by  operating  these  boxes  somewhat  in  the  same  way,  as  Mr. 
Eamshaw  points  out,  we  are  able  to  purify  during  the  winter 
10,000,000  a  day,  and  an  average  throughout  the  year  of 
6,000,000  cu.  ft.  a  day.  The  boxes  are  all  operated  in  sets  of 
two  each.  Occasionally,  we  have  had  to  nm  them  single. 
Each  box  is  equipped  with  a  single  layer  of  oxide.  The  oxide 
is  never  taken  from  the  box  from  the  time  it  is  put  in  until  it 
is  finally  discarded.  The  revivifications  are  done  entirely  in 
situ,  by  means  of  an  exhauster,  drawing  a  current  of  air  down 
through  the  oxide.  Of  course,  this  means  that  the  revivifica- 
tions are  very  frequent.  In  the  winter  time,  they  run  as  high 
as  five  a  day,  witl^  ten  boxes  in  use,  which  may  seem  very 
abnormal,  yet  we  get  along  very  nicely.  The  gas  which  we 
manufacture  is  carbureted  water  gas.  Of  course,  its  sulphur 
content  is  not  very  high.  While  the  boxes  have  single  layers 
of  oxide,  underneath  each  layer  there  is  a  layer  of  shavings. 
We  operate  our  boxes,  so  that  when  we  finally  discard  the 
oxide,  the  sulphur  content  runs  between  40  and  50  per  cent. 
This  is  but  another  illustration  of  how  increased  purification 
capacity  n^ay  be  obtained  by  working  the  usual  size  plant  at 
higher  rates  than  has  been  customary  up  to  the  present. 

Mr.  J.  S.  Unger  (Chicago) :  I  do  not  intend  to  discuss 
Mr.  Paige's  paper,  but  it  seems  to  me  that  in  his  coal  gas 
works,  with  which  I  am  somewhat  familiar,  they  having  an 
ammonia  still,  they  might  have  utilized  the  ammonia  in  the  gas 
liquor  for  purifying  the  gas,  instead  of  putting  in  more  puri- 
fiers. It  is  something  which  was  brought  before  this  Institute 
48 
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last  year.  I  understand  Mr.  Paige  put  in  his  new  purifiers 
before  that  time,  but,  already  there  had  been  mention  in  other 
proceedings  of  the  so-called  O'Neill  process  of  utilizing  the 
ammonia  in  the  gas  liquor  to  take  out  most  of  the  sulphureted 
hydrogen  in  the  gas,  and  some  very  good  results  were  pub- 
lished. In  Schenectady,  they  have  a  new  coal  gas  works  and 
they  did  not  enlarge  their  purifying  capacity,  but  installed  an 
ammonia  still,  in  which  the  upper  part  will  take  care  of  about 
.three  times  the  liquor  going  to  the  lower  part  of  the  stilL  If 
the  lower  part  of  the  still  is  dimensioned  to  drive  out  the 
ammonia  from  the  liquor  normally  produced  in  the  gas  works, 
the  upper  part  may  be  made  to  change  two  or  three  times  this 
amount  of  liquor  from  a  solution  in  which  the  ammonia  is 
combined  with  the  acid  gases,  into  a  solution  of  caustic  ammo- 
nia, which  is  pumped  into  the  gas  scrubber,  and  there  com- 
bined with  the  sulphureted  hydrogen  that  otherwise,  would 
have  to  be  removed  in  the  purifiers.  The  caustic  liquor  b 
cooled  by  the  gas  liquor  going  to  the  still  and  by  cooling  water, 
and  afterwards  put  into  a  receiver,  so  the  still  does  not  have  to 
run  continuously,  and  may  be  operated  in  the  daytime  only. 
Before  coming  here,  I  spent  two  days  at  Schenectady,  and  the 
still  ran  perfectly  and  it  seems  to  me  that  the  O'Neill  process 
is  a  success.  I  would  like  to  ask  Mr.  Paige,  whether  he  con- 
sidered the  O'Neill  process  at  the  time  when  a  larger  purifier 
capacity  became  necessary. 

Mr.  R.  C.  Morris  (Stapleton,  Staten  Island,  N.  Y.) :  I 
should  like  to  ask  Mr.  Paige  whether  he  experienced  any  diffi- 
culty in  obtaining  the  labor  to  empty  the  boxes  ?  Our  laborers 
complain  on  account  of  getting  sick  in  the  head  on  a  warm 
day  in  the  sunnmer,  and  also  that  it  ruins  their  shoes  and 
trousers  on  account  of  the  water,  and  they  do  not  care  about 
going  on  for  two  days'  labor.  We  have  called  in  a  gang  of 
twenty  to  dump  the  boxes. 

Mr.  R.  B.  Harper  (Chicago)  :  There  are  a  few  questions  I 
should  like  to  ask  Mr.  Paige.  One  of  them  is  as  to  the  kind  of 
gasket  he  used;   another  is,  does  he  consider   it   absolutely 
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necessary  to  use  the  pitch  coating?    He  said  he  used  it  in  one 
box,  and  in  the  other  he  did  not. 

There  are  a  few  comments  I  might  make.  I  notice  on  page 
741,  one  of  the  answers  in  regard  to  insulation:  "Box  kept 
well  painted."  I  have  a  case  in  mind,  where  the  outside  boxes 
were  kept  well  painted,  and  it  was  found  that  although  these 
were  heated  by  means  of  steam  injected  at  the  inlet,  and  the 
issuing  gas  was  at  fully  80  degrees,  in  very  cold  weather, 
when  the  outside  temperature  was  about  10  degrees  below 
zero,  a  decided  stain  would  show  at  the  outlet  of  the  fourth 
box,  although  in  ordinary  weather  there  would  not  be  any 
stain  at  the  outlet  of  the  second.  It  shows  that  the  men  using 
these  outside  boxes  should  be  very  careful  about  them,  espe- 
cially in  cold  weather.  The  only  explanation  is  that  the  out- 
side of  the  box  becomes  greatly  chilled,  and  some  of  the  gas 
by-passes  in  a  foul  condition  through  chilled  purifying  mate- 
rial, next  to  the  cold  metal  walls,  thus  giving  a  stain  at  the 
outlet  of  your  fourth  box.  It  has  also  been  found  where  boxes 
are  wooden  lagged,  the  saving  in  steam  will  be  large;  it  may 
be  reduced  to  25  per  cent,  of  that  necessary  for  an  unprotected 
box,  and  in  an  installation  of  (say)  twelve  purifiers,  where  each 
purifier  is  of  a  diameter  of  about  40  ft.,  that  means  a  con- 
siderable amount  of  money  at  the  end  of  the  year,  and  espe- 
cially in  climates  that  are  rather  severe. 

Mr.  H.  E.  Mann  (Montreal):  (Written  discussion  com- 
municated.) I  agree  with  Mr.  Paige  that  purifier  boxes 
wherever  possible  should  be  erected  in  the  open,  and  in  this 
connection,  a  description  of  the  purifiers  recently  installed  at 
the  Elm  Station  of  the  Montreal  Light,  Heat  &  Power  Com- 
pany might  be  of  interest. 

The  installation  consists  of  four  cylindrical  steel  purifiers, 
27  ft.  in  diameter  by  12  ft.  deep.  These  boxes  will  be  used 
on  water  gas  purification  and  will  be  worked  in  series  of  four, 
switching  every  three  days,  to  place  the  foul  box  last  and  the 
clean  box  first  in  series.  Each  purifier  will  contain  three 
layers  of  oxide  36  in.  deep. 
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These  purifiers  are  erected  in  the  open  and  are  protected 
by  a  4-in.  wall  of  old  fire  brick  laid  up  in  cement  mortar.  Be- 
tween the  fire  brick  and  the  steel  shell  of  purifiers,  a  space  of 
I  in.  was  left,  which  was  afterwards  filled  in  with  hot  pitch. 
The  pitch  was  applied  to  prevent  corrosion  of  the  steel  plates. 
Each  purifier  is  provided  with  a  heating  coil  laid  on  the  bot- 
tom of  the  box.  The  covers  and  20  in.  connections  to  puri- 
fiers will  be  protected  with  asbestos  or  magnesia  covering. 

This  installation  will  be  completed  and  ready  for  operation 
December  ist  of  this  year.  Careful  consideration  was  given  to 
the  erection  of  these  purifiers  in  the  open,  after  taking  into 
account  the  low  temperature  of  the  winter  months.  As  the 
temperature  during  January  and  February  will  range  from 
zero  to  30  degrees  below,  we  were  at  first  inclined  to  house 
these  purifiers  in  a  heated  building.  We  believe,  however, 
that  our  method  of  protection  will  be  sufficient  to  prevent  any 
drop  in  the  temperature  of  the  gas  and  resultant  loss  in 
illuminants  and  revivification  of  the  oxide. 

Mr.  E.  F.  Lu)yd  (Detroit) :  (Written  discussion  com- 
mimicated.)  Mr.  Paige  does  the  industry  a  valuable  service 
through  bringing  out  the  variety  of  practice  existing  in  purifier 
installations.  Moreover,  he  confirms  the  probability  of  its 
continuance.  There  is,  in  my  opinion,  no  one  best  type  for 
universal  use  under  all  circumstances  and  in  all  localities. 
Each  situation  has  its  peculiarities,  yet  all  are  amenable  to 
certain  general  principles. 

The  design  of  purifiers  for  eliminating  sulphur  by  the  use 
of  oxide,  presents  a  purely  mechanical  problem.  The  various 
applications  of  the  chemistry  involved  has  no  bearing  on  the 
form  of  the  apparatus.  The  major  divisions  of  the  problem 
are  to  provide  a  series  of  connected  gas  tight  containers  of 
suitable  area  and  depth,  provided  with  means  for  sustaining, 
removing  and  replacing  a  filling  material.  As  to  what  con- 
stitutes "suitable  area  and  depth,"  no  two  authorities  yet  agree, 
doubtless  due  to  variations  in  the  qualities  of  the  gas  and 
oxides  employed  by  the  various  investigators. 
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Minor  divisions  of  the  major  divisions  involve  questions  of 
the  number  and  arrangement  of  units  and  connecting  conduits, 
and  the  convenience,  certainty  and  celerity  of  the  means  for 
cutting  out  and  in  of  tmits;  of  corrosion,  ventilation,  in- 
sulation and  drainage;  of  frequency  of  recharge,  of  the  quan- 
tity of  material  to  be  handled  each  time,  its  protecticm  from 
desiccation  in  transfer  and  the  facilities  for  effecting  the 
transfer. 

I  venture  to  say  that  ventilation  cannot  be  overdone.  Tank 
purifier  operators  have  assured  me  that  they  never  had  a 
man  killed  in  one  of  them,  and  with  the  same  breath,  con- 
tinued that  they  are  "hell  to  work  in  on  a  hot  day,"  and  they 
have  had  to  pull  men  out,  but,  *if  you  watch  things,  and  get 
them  out  when  you  see  them  beginning  to  stagger,  you'll  be 
all  right.'    The  man,  too,  presimiably  I 

Let  our  first  business,  then,  be  to  investigate  what  are  the 
real  essentials,  divested  of  tradition,  inclination  or  favor. 
Applying  these  factors  each  to  our  own  case,  we  should  have 
no  difficulty  in  deciding  upon  the  most  economical  installation, 
though  it  may  be  by  no  means  either  the  highest  or  the  lowest 
in  first  cost. 

Such  an  investigation  intelligently  and  carefully  carried  out, 
should  easily,  and  with  reasonable  certainty,  determine  whether 
it  is  cheaper  to  build  a  building  and  maintain  the  required 
temperature  in  the  purifiers  by  heating  the  building,  or  to 
occasionally  heat  the  gas  in  the  purifier.  (Are  not  buildings 
and  heating,  traditions  from  the  days  of  wet  lutes?) ;  whether 
it  is  cheaper  to  set  the  boxes  and  their  connections  in  the 
grotmd  and  use  the  natural  thermal  conservation  of  the  earth, 
or  to  place  them  on  top  and  go  to  the  expense  and  partial  effi- 
ciency of  an  expensive  covering;  what  difference  in  first  cost 
is  warranted  to  avoid  corrosion  or  the  expense  of  preventing 
it;  what  provisions  are  demanded  for  safety;  what  is  the 
bearing  of  ample  light  and  air  on  the  proper  placing  of 
materials  in  the  box;  the  effect  of  mechanical  elevators  in 
locally  compacting  the  materials  in  the  box;  to  what  extent 
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the  design  should  avoid  special  machinery  for  oxide  handling; 
the  standby  costs  of  such  machinery  operating  at  the  most 
but  a  few  days  a  year ;  the  deterioration  of  such  inf requendy 
used  machinery,  handling  such  a  highly  corrosive  material  as 
oxide;  the  difficulty  of  protecting  it  from  corrosion;  how 
much  such  infrequently  used  machinery  actually  reduces  the 
labor  cost;  in  large  plants,  the  possibility  of  using  locomotive 
cranes  or  telpher  systems  jointly  with  other  purposes;  the 
relative  location  of  the  revivifying  floors  and  the  means  of 
transfer  of  materials;  the  methods  of  revivification;  the 
ground  area  available  relative  to  the  capacity  required;  the 
probability  of  mechanical  failure  of  the  box  and  the  ease  and 
certainty  of  repair. 

These  are  all  problems  for  the  mechanical  engineer.  They 
should  be  co-ordinated  as  to  safety,  life,  maintenance,  cost  of 
operation,  and  certainty  and  continuity  of  performing  their 
function.  Wherever,  so  to  speak,  the  curves  of  these  condi- 
tions meet,  we  shall  find  the  cheapest  purifier  plant,  whether 
it  costs  least  or  most  in  the  first  instance. 

Mr.  Paige  investigated  steel-concrete  for  his  particular  situ- 
ation, and  became  convinced.  Others  who  use  them  endorse 
them  equally.  The  elements  of  efficient  economy  seem  to  meet 
in  them  more  than  in  other  types.  The  early  difficulties  en- 
countered with  them  have  been  overcome  bjN  development  in 
their  design  and  in  the  methods  of  constructing  the  concrete 
work.  There  appear  to  be  few  places  where  they  are  impos- 
sible, and  many  where  they  are  best. 

Mr.  F.  E.  Drake  (Lynn,  Mass.)  :  I  would  like  to  ask  Mr. 
Paige  what  drop  in  temperature  he  found  through  his  boxes  in 
winter  months,  and  if  he  ever  had  any  trouble  in  emptying  the 
boxes  during  the  winter  months,  and  the  length  of  time  and 
the  number  of  men  required  to  empty  the  boxes. 

Mr.  Harper:  Another  question  or  two.  One  is,  if  he  ever 
tried  building  paper  as  a  gasket  on  boxes  ?  I  have  seen  cases 
where  ordinary  building  paper,  in  strips  about  3  or  4  in.  wide, 
thoroughly  wetted,  and  laid  down  in  layers,  about  three  or 
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four  layers  of  paper,  formed  an  excellent  seal;  whereas,  the 
square  asbestos  gasket  had  failed.  I  am  interested  in  knowing 
if  any  other  members  of  the  Institute  have  had  any  experience 
with  ordinary  building  paper.  It  is  a  very  cheap  and  a  very 
efficient  means  of  keeping  the  box  tight. 

Mr.  W.  F.  Croston  (Newport  News,  Va.)  :  I  was  con- 
nected with  the  Railway  &  Light  Company  of  Rochester  dur- 
ing the  installation  of  the  concrete  boxes  there.  The  boxes 
were  made  thicker  than  those  mentioned  by  Mr.  Paige.  By 
careful  work,  using  a  good  grade  of  cement,  mixing  it  well 
and  making  each  box  a  monolith,  we  had  absolutely  no  trouble. 
There  was  but  one  slight  leak  on  one  of  the  four  boxes.  The 
boxes  are  placed  about  3  ft.  above  the  ground  level,  the  dirt  is 
banked  up  against  the  side  of  the  box,  and  a  sectional  remov- 
able wooden  cover  was  made  for  use  in  winter.  With  the  use 
of  this  cover,  absolutely  no  steam  is  necessary  to  keep  the  box 
warm.  The  cover  stands  about  2  ft.  above  the  top  of  the  box. 
It  is  really  surprising  how  hot  it  was  under  that  cover,  even 
during  the  most  severe  winter  weather.  As  far  as  getting 
labor  to  attend  to  this  box,  we  never  had  any  trouble.  The 
boxes  have  given  ample  satisfaction,  and  I  think  the  men  con- 
nected with  the  Rochester  Company  are  perfectly  satisfied. 

The  Acting  Chairman:  Mr.  Paige,  will  you  close  the 
discussion  ? 

Mr.  Paige:  In  connection  with  the  matter  of  purifier  in- 
stallations, I  want  to  call  attention  to  the  fact  that  it  was  a 
most  curious  thing  that  all  those  who  answered  the  questions, 
answered  one  question  in  a  very  peculiar  manner.  The  ques- 
tion was:  "If  you  were  to  build  another  installation,  would 
you  build  it  along  the  same  lines  as  the  one  now  installed?" 
Invariably,  the  answer  was,  "Yes,"  which  perhaps  was  natural, 
but  a  little  curious.  Now,  in  connection  with  Mr.  Unger's 
question  on  the  matter  of  liquid  purification,  I  think  all  of  us 
have  heard  more  or  less  about  that  from  time  to  time.  We 
knew  something  about  the  investigations  carried  on  both  at 
home  and  abroad.     The  Schenectady  plan  had  been  thought 
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about  to  some  extent,  but  at  the  time  the  boxes  were  consid- 
ered, it  was  too  experimental  a  thing  for  us  to  consider  it 
In  connection  with  Mr.  Morris's  question  on  the  matter  of 
labor  in  emptying  the  boxes,  I  might  say  that  we  have  not 
had  any  particular  trouble  in  emptying  these  boxes,  which  arc 
25  by  30  by  10  ft.  deep,  at  any  season  of  the  year  when  wc 
have  been  obliged  to  empty  them,  but  we  have  had  a  great  deal 
of  trouble  in  getting  men  to  empty  boxes  25  ft.  square  and 
5  ft.  deep  inside  of  a  house.    The  inference  is  obvious. 

As  far  as  the  ruining  of  men's  clothing  is  concerned,  that 
is  a  gas  works  proposition.  The  men  may  be  fatalists  to  some 
extent,  but  our  fellows  are  inclined  to  consider  that  if  they  do 
not  ruin  them  in  a  purifying  house,  they  will  perhaps  in  the 
tar  well.  That  is  a  question  which  every  company  has  to  face, 
r^ardless  of  what  type  of  box  might  be  used. 

In  connection  with  the  matter  of  the  kind  of  gasket  used, 
you  will  find  that  (see  page  737)  many  diflferent  kinds  of 
gaskets  are  mentioned.  It  is  a  curious  fact,  in  connection  with 
that  matter,  that  some  companies  have  found  that  one  type  of 
gasket  answers  very  satisfactorily,  while  in  another  case,  the 
same  type  does  not  appear  to  work  out  well  at  all.  I  have  in 
mind  one  plant  where  they  are  using  rubber  gaskets  whidi 
have  been  in  use  for  nine  years,  but  even  with  that  term  of 
service,  the  plant  operators  do  not  feel  that  the  rubber  is  the 
best  material,  and  they  intend  replacing  it  soon  with  an 
asbestos  woven  gasket.  In  regard  to  the  matter  of  pitch 
coating,  I  would  like  positively  to  say  that  I  do  not  consider 
it  at  all  necessary.  Mr.  Croston's  remarks  in  connection  with 
the  Rochester  installation  concur  entirely  with  my  ideas.  I 
believe  that  if  the  concrete  is  properly  mixed,  properly  put  in 
and  thoroughly  tamped,  no  coat  of  pitch  will  be  found  neces- 
sary, nor  will  it  be  necessary  to  chip  off  the  inside  surface  of 
the  box,  as  we  had  to.  We  learned  a  lot  about  concrete  boxes 
when  we  built  these.  In  connecticm  with  the  insulation  of  Ac 
boxes,  wc  feel  that  the  thickness  of  the  wall  of  the  box  is 
great  enough  to  furnish  us  a  considerable  insulation.    As  the 
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paper  points  out,  while  the  box  is  lo  ft.  deep,  the  sides  arc 
only  about  30  in.  above  the  ground  level,  the  remaining  depth 
going  below  the  ground.  So  the  box  is  well  insulated  by  the 
ground,  and  the  piping  connections  also  are  filled  around  with 
dirt,  so  that  the  connections  have  reasonably  good  insulation. 

As  to  the  use  of  building  paper  as  a  gasket  referred  to  by 
Mr.  Harper,  none  of  the  50  replies  I  received  mentioned  that 
particular  type,  so  I  am  not  prepared  to  discuss  it.  In  con- 
nection with  the  trouble  of  getting  men  to  empty  these  boxes 
in  winter,  Mr.  Drake's  question,  I  have  not  found  that  we 
have  had  any  difficulty  whatever  in  getting  men  to  do  this 
work.  As  I  pointed  out,  the  boxes  are  of  such  depth  that  it 
requires  two-stage  shoveling,  that  is  to  say,  they  shovel  first 
on  to  a  platform  and  then  over  the  edge  of  the  box ;  and  while 
that  might  seem  like  rather  an  expensive  method  of  unloading 
boxes,  we  balance  the  expense  of  that  work  against  the  avail- 
able area,  and  the  consideration  of  fixed  charges  for  the  secur- 
ing of  more  groimd  area;  and  there  are  so  many  conditions 
that  enter  into  the  problem,  that  we  did  as  well  as  we  could 
towards  establishing  a  mean  which  would  minimize  the  greater 
difficulties.  Practically  we  had  no  difficulty  with  the  men 
The  question  was  raised  with  regard  to  the  drop  in  temper- 
ature of  the  gas  passing  through.  We  have  found  that  there 
is  a  slight  difference  in  temperature  in  winter  as  compared 
with  summer,  but  this  is  a  difference  which  we  would  feel,  to 
a  large  extent,  in  any  event,  because  the  main  from  the  water 
gas  exhauster  to  the  purifiers  stands  for  a  considerable  dis- 
tance, and  I  do  not  have  the  figures  exactly  in  mind,  but  I 
should  say  roughly  that  the  temperature  of  the  gas  at  the  inlet 
of  the  purifiers  varied  approximately  from  10  to  15  degrees, 
with  the  temperature  at  the  outlet  depending  on  the  rate  of 
flow.  We  found,  however,  that  the  drop  through  the  puri- 
fiers increased  quite  a  good  deal  at  first,  due  undoubtedly  to 
the  radiation  loss  from  the  insufficient  insulation  of  the  cov- 
ers of  the  boxes.  To  get  rid  of  that  difficulty,  we  housed  over 
the  15  in.  I-beams,  which  are  on  the  covers  for  reinforcement. 
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with  the  result  that  the  drop  was  not  at  all  serious,  and  no 
effect  on  the  candle-power  could  be  noted.  As  far  as  finding 
the  by-passing  effect  due  to  cool  oxide  is  concerned,  we  never 
have  observed  any  of  that.  I  learned,  through  reading  over 
the  information  sent  in,  that  in  the  earlier  types  of  outside 
boxes,  this  difficulty  was  quite  pronounced,  but  some  com- 
panies took  care  of  that  by  the  installation  of  steam  coils,  and 
some  by  the  construction  of  an  annular  ring  of  brick,  perhaps 
a  single  brick  wall,  or  any  other  method  calculated  to  keep  the 
extreme  cold  from  striking  into  the  body  of  the  oxide,  and 
prevent  by-passing  or  a  retarded  chemical  reaction. 

Mr.  Earnshaw:  I  move  that  a  vote  of  thanks  be  tendered 
to  Mr.  Paige  for  his  very  interesting  paper. 

The  motion  was  seconded  and  carried. 

The  Acting  Chairman:  The  next  paper  is  "Care  and 
Maintenance  of  Gas  Holders,"  by  Mr.  J.  H.  Braine,  of 
Brooklyn. 

THE  CARE  AND  MAINTENANCE  OF  GAS  HOLDERS. 

Introductory. 

The  object  of  this  paper  is  to  treat  from  a  practical  stand- 
point the  subject  of  the  care  and  maintenance  of  gas  holders. 
It  does  not  purport  to  be  solely  an  expression  of  the  writer's 
personal  views,  or  the  experience  of  any  one  company.  It  b 
an  endeavor  to  treat  the  subject  comprehensively,  embodying 
the  experience  of  some  of  those  best  qualified  to  deal  with  the 
matter. 

Undoubtedly  those  connected  with  the  larger  companies  arc 
familiar  with  the  majority  of  the  points  covered,  and  the  pri- 
mary object  of  the  paper  is  to  point  out  to  those  not  having  the 
time  and  opportunity  to  study  the  subject  closely,  ways  in 
which  they  may  further  safeguard  the  valuable  property 
under  their  charge. 

In  looking  over  the  ground  to  be  covered,  we  find  there  are 
to  be  considered  holders  built  during  a  period  of  years,  from 
as  early  as  1850,  or  possibly  earlier,  down  to  the  present  day. 
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During  the  early  '90's,  we  find  specifications  calling  for 
"Alan  Wood's  best  blue  gas  holder  iron,"  while  a  few  years 
later  open  hearth  soft  steel  began  to  be  specified.  It  is  also 
probable  that  during  this  time  many  holders  were  built  partly 
of  iron  and  partly  of  steel.  Specifications  continued  to  call 
for  mild  steel  for  holder  construction  until  quite  recently, 
when  a  return  to  wrought  iron  for  sections  has  been 
resorted  to  in  the  case  of  some  holders  of  very  recent  con- 
struction. 

We  also  find  ourselves  obliged  to  consider  a  great  variety 
in  design  of  guide  framing,  from  the  ancient  cylindrical  cast 
iron  columns  and  cast  iron  girders,  and  wrought  iron  columns 
and  girders  of  the  same  design,  to  the  "standard"  type  of 
guide  framing  first  introduced  into  this  country  by  the  late 
Mr.  Fred  Mayer,  of  The  Bartlett  Hayward  Company,  and  in 
turn  the  many  improvements  in  design  of  this  type  of  framing 
until  we  reach  the  last  word  in  holder  design  typified  in  some 
recent  holder  construction  which  will  be  touched  upon  later. 

In  caring  for  holders  built  of  good  old  fashioned  iron,  we 
have  a  comparatively  simple  problem,  as  it  is  certainly  a  fact 
that  this  old  iron  is  very  much  less  vulnerable  to  corrosion 
than  modem  steel,  whatever  the  relative  powers  of  resistance 
to  rust  of  modem  iron  and  steel  may  be. 

In  caring  for  the  more  modem  steel  holders,  built  within 
the  last  20  years,  we  have  a  much  more  serious  problem,  and 
it  is  mainly  to  sound  a  note  of  warning  regarding  these  that 
the  first  part  of  this  paper  is  written,  in  the  hope  that  some  of 
us  may,  by  a  little  timely  attention  now,  be  saved  the  other- 
wise inevitable  heavy  expenditures  for  repairs  in  the  near 
future. 

The  first  chapter  of  this  discussion  is  devoted  to  the  sub- 
ject of  corrosion,  the  arch  enemy  of  exposed  metal  stmctures 
in  general,  and  steel  gas  holders  in  particular.  The  whole 
subject  is  a  difficult  matter  to  deal  with,  as  new  data  is  con- 
stantly appearing  in  the  technical  press,  and  new  theories 
are  arising  with  their  advocates  and  opponents,  and  the  con- 
sequent more  or  less  heated  controversies. 
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Corrosion. 
Owing  to  their  light  construction,  as  ccmipared  to  bridges, 
elevated  railway  structures,  viaducts,  etc,  gfas  holders,  and 
particularly  gas  holder  frames,  are  peculiarly  susceptible  to 
the  destructive  action  of  rust  or  corrosion.  Many  theories 
as  to  the  cause  of  rust  or  corrosion  have  been  set  forth, 
Friend*  mentioning  as  many  as  five,  namely: 

1.  Simple  Oxide  Theory. 

2.  Acid  Theory. 

3.  Electrolytic  Theory. 

4.  Hydrogen  Peroxide  Theory. 

5.  Biological  Theory. 

while  Cushman  &  Gardner**   confine   themselves  to  three, 
namely : 

1.  Carbonic  Acid  Theory. 

2.  Hydrogen  Peroxide  Theory. 

3.  Electrolytic  Theory. 

It  is,  however,  becoming  very  generally  conceded  that  the 
electrolytic  theory  is  the  most  tenable,  and  much  of  the  exr 
perimenting  and  laboratory  work  with  protective  coatings, 
improvements  in  the  manufacture  of  metals,  etc.,  have  been 
carried  on  with  this  theory  in  mind.  It  is,  of  course,  very 
necessary  for  us  to  know  the  primary  cause  of  such  an  agent 
of  destruction  as  corrosion,  and  it  is  sincerely  to  be  hoped  that 
our  friends,  engaged  in  the  manufacture  of  sted  or  iron,  and 
their  preservative  coatings,  will  soon  have  definite  data  with 
which  to  work. 

In   this  connection,  the   following  extract   from  a   paper 
read  by  Dr.  G.  W.  Thompson,  before  the  American  Institute 
of  Chemical  Engineers,  June  22nd,  1910,  may  be  of  interest: 
"By  corrosion  of  iron  and  steel,  we  refer  to  the  oxida- 
tion which  takes  place  at  ordinary  temperature,  with  the 
formation   of   rust.     Rust  approximates   the  following 
formula:  Fe208.3H,0 

*  J.  Newton  Friend,  **The  Corrosion  of  Iron  and  Steel." 
**  Cushman  &  Gardner's  '^Corrosion  and  Preservation  of  Iron  and 
Steel." 
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although  all  rust  does  not  exactly  conform  to  this  for- 
mula. 

"A  sample  of  rust,  obtained  by  exposing  a  thoroughly 
cleaned  piece  of  steel,  that  is  a  steel  which  has  been 
pickled  to  remove  scale,  etc.,  analyzed  as  follows: 

Per  cent. 

Hygroacopic  moisture 8.83 

Combined  water  (including  CO,  0.17  per  cent. )  . .  -21.45 
Ferric  oxide  (equivalent  to  iron  48.28  per  cent.)  .  -68.97 
Silica   0.26 


99.51 

"A  very  important  consideration  in  connection  with 
the  formation  of  rust  is: 

"The  specific  gravity  of  iron  is  about  7.80,  and  the 
specific  gravity  of  rust  is  about  3.70.  If  the  iron  and  the 
rust  are  strictly  pure  and  of  theoretical  composition  the 
iron  shows  an  increase  in  volume  in  conversion  to  rust 
equal  to  336  per  cent. ;  that  is,  100  parts  of  iron  become 
436  parts  of  rust  by  volume.    .    .    . 

"The  prime  material  factors  in  corrosion  are  air  and 
moisture,  and  the  action  of  air  and  moisture  is  accelerated 
or  retarded  by  other  factors. 

"The  tendency  of  iron  to  corrode  has  been  considered 
to  vary  with  the  composition  of  the  metal,  but,  apparently 
facts  do  not  warrant  this  conclusion  to  an  extent  that 
would  justify  general  dependence  on  a  purer  and  more 
expensive  metal  as  against  a  more  impure  and  cheaper 
metal.  Practical  experience  may  justify  such  a  depend- 
ence in  isolated  cases,  but  not  as  a  general  rule. 

"Nevertheless  corrosion,  which  usually  takes  place  in 
the  form  of  pitting,  is  unquestionably  due  to  the  greater 
tendency  of  the  pitting  parts  to  corrode  than  the  ad- 
jacent parts.  Such  corrosion  is  said  to  be  due  to  a  higher 
electrolytic  solution  pressure,  as  compared  with  the  ad- 
jacent parts,  and  the  corroding  area  is  said  to  be  electro- 
positive to  the  surrounding  area.  This,  of  course,  refers 
to  primary  corrosion,  to  which  most  of  our  remarks  will 
be  directed. 
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"The  corroding  operation  is  supposed  to  be,  first  a 
solution  of  the  iron  in  the  water  and,  second,  the  oxida- 
tion of  the  dissolved  iron  by  the  air,  with  the  formation 
of  ferric  hydrate  or  rust.     This  solution  would  not  take 
place  without  the  water  being  present,  nor  would  the 
oxidation  take  place  in  the  absence  of  air.    The  solution 
of  the  iron  is  accelerated  by  the  presence  of  carbonic  or 
other  acids  and  neutral  salts,  also  by  the  presence  of  sub- 
stances  which    are   electro-negative   to   iron.     The  cor- 
rosion is  furthermore  accelerated  by  the  presence  of  sub- 
stances or  conditions  which  increase  the  amount  of  moist- 
ure on  the  surface,  as  by  hygroscopic  substances,  such  as 
rust  itself  or  a  moist  atmosphere." 
The  following  represents  the  views  on  this  subject  of  an 
engineer  of  wide  experience  with  structural  metals  in  general, 
and  gas  holders  in  particular.    All  parts  of  the  text  of  this 
paper,   which  may  hereafter  appear  as  quotations  and  for 
which  no  authority  is  given,  are  from  the  same  source: 

The  Deterioration  of  Gas  Holders. 

"The  importance  of  arresting  the  rapid  decay  of  iron 
used  in  structures  of  all  kinds,  and  especially  gas  holders, 
is  a  problem  of  much  interest. 

"Many  theories  have  been  advanced  to  account  for  cor- 
rosion, and  while  some  of  them  have  been  discarded, 
others  surely  bear  investigation,  and  before  proceeding 
with  a  statement  of  the  effect  upon  gas  holder  material, 
it  may  be  well  to  dwell  at  short  length  upon  the  cause. 

"The  usually  accepted  theory  of  a  few  years  ago,  was 
that  rusting  or  oxidation  was  entirely  due  to  a  chemical 
change,  in  which  water,  carbonic  acid,  and  oxygen  were 
the  prime  movers  in  that  the  process  of  decay  was  induced 
by  the  carbonic  acid^  after  which  the  water  and  oxygen 
became  the  active  agents  in  its  further  development. 

"This  was  an  erroneous  view,  as  later  investigation 
proved  that  although  the  presence  of  carbonic  acid  was 
found  favorable  to  this  process  of  decay,  it  was  not  es- 
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sential,  and  consequently  other  reasons  for  this  rapid  de- 
terioration of  metals  were  sought. 

"The  general  accepted  theory  adhered  to  by  present  day 
investigators  is  that  corrosion  of  iron  is  due  to  an  electro- 
chemical phenomenon,  or  to  an  electrolytic  influence,  not 
necessarily  induced  by  some  stray  current  from  the  elec- 
tric plant,  but  due  to  the  construction  itself,  and  unfor- 
tunately, in  many  instances,  this  construction  cannot  be 
altered,  as  witness  the  cups  of  a  gas  holder. 

"Iron,  and  under  this  term,  I  mean  the  iron  and  steel 
of  the  present  day,  is  a  metal  which  finds  no  difficulty  in 
combining  with  or  dissolving  a  number  of  the  other  ele- 
ments, and  it  is  a  well  known  fact  that  minute  quantities 
of  impurities  in  the  mass  will  be  sufficient  to  greatly  alter 
the  physical  characteristics,  thus  causing  the  manufac- 
turer to  carefully  examine,  down  to  the  minutest  degree, 
the  principal  impurities  which  are  usually  found  in  com- 
bination with  iron;  these  are  manganese,  phosphorous, 
sulphur  and  carbon. 

"One  of  the  principal  difficulties  encountered  in  the 
manufacture  of  steel  is  due  to  the  fact  that  these  impuri- 
ties are  not  homogeneously  distributed,  and  that  when 
the  mass  cools,  segregation  takes  place,  and  the  steel  no 
longer  maintains  a  unit  character  throughout  its  mass, 
one  portion  containing  more  or  less  impurities  than  an- 
other, it  not  being  a  homogeneous  pure  metal. 

"Owing  to  the  general  pollution  of  the  atmosphere  and 
of  the  water  which  comes  in  contact  with  the  metal,  due 
to  the  waste  gases  arising  from  numerous  chimneys,  often 
also  containing  finely  divided  ash,  the  problem  of  dealing 
with  corrosion  has  greatly  increased  in  magnitude.  The 
sulphurous  acid  carried  into  the  atmosphere,  and  any 
possible  stray  electric  current  is  probably  the  chief  stimu- 
lant of  corrosion. 

"Electrolysis  will  take  place  when  an  electric  current 
passes  through  any  solution  which  may  act  as  a  conductor. 
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and  this  may  be  produced  without  the  outside  aid  of  any 
stray  electric  current,  as  is  witnessed  by  pladi^  two  dif- 
ferent metals  in  a  solution,  the  metals  being  connected  by  a 
wire  at  the  top,  and  noting  the  electric  current  whidi  is 
immediately  caused  to  flow  through  the  circuit  thus 
formed ;  and  the  iron  or  steel  of  to-day,  in  its  s^^r^tcd 
structure,  presents  sufficient  dissimilarity  to  produce  the 
above  mentioned  condition. 

"In  the  first  stages  of  corrosion,  ferric-hydroxide  is 
formed  on  the  surface  of  the  metal  by  the  above  described 
electrolytic  action,  this  compotmd  being  insoluble  and 
gradually  falling  off  as  a  red  precipitate.  This  precipi- 
tation removes  a  quantity  of  the  metal. 

"It  is  not  necessary  that  the  iron  be  dipped  into  water, 
but  the  condensation  of  a  thin  film  of  water  on  its  surface 
will  suffice  to  produce  this  condition,  in  that  it  tends  to 
dissolve  the  metal.  When  an  atom  of  iron  passes  into  the 
water,  it  is  charged  with  positive  electricity,  while  the 
mass  of  iron  from  which  it  has  been  separated  is  charged 
with  a  negative  current,  and  so  continues  tmtil  the  electro- 
lytic tension  becomes  of  such  magnitude  that  no  more 
atoms  can  be  separated.  If  the  water  should  contain  ions 
of  some  other  metal  which  is  subject  to  a  lesser  solution 
pressure  than  the  iron,  the  above  action  will  be  reversed, 
thus  again  placing  the  iron  under  the  original  condition 
and  permitting  of  further  interchange  of  polarity  with  the 
consequent  deposition  of  additional  atoms  of  iron  in  the 
water.  The  impurities  in  the  iron  are  in  themselves  cap- 
able of  setting  up  this  second  action  without  the  addition 
of  any  extraneous  metal  of  a  lesser  solution  pressure. 

"Iron  will  rust  in  the  presence  of  pure  water  and  oxy- 
gen, without  the  addition  of  any  extraneous  acid,  and  as 
pure  water  contains  free  hydrogen  ions,  the  iron  probably 
dissolves  through  interchange  with  the  hydrogen,  and  to 
this  extent  becomes  an  acid ;  this  would  then  point  to  Ac 
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fact  that  the  rusting  of  iron  is  not  primarily  due  to  the 
oxygen,  but  to  the  hydrogen  ions. 

"The  theory  of  corrosion  can  then  be  summed  up  in  the 
following  statement : 

"Whenever  rust  is  formed  it  is  necessary  that  the  iron 
go  into  solution,  and  it  is  also  necessary  that  hydrogen  be 
given  off  in  the  presence  of  oxygen  (or  in  some  cases  in 
the  presence  of  other  oxidizing  agents).  This  statement 
is  based  upon  the  electrolytic  action  described  above,  as 
this  theory  demands  that  whenever  an  iron  ion  appears,  an 
ion  of  hydrogen  must  disappear,  this  interchange  of  ions 
forming  a  gaseous  hydrogen.  If  the  solution  should  con- 
tain any  acid  which  causes  greater  concentration  of  hydro- 
gen ions,  the  corrosion  will  be  increased. 

"Therefore,  it  is  to  be  taken  for  granted,  and  all  late 
experiments  seem  to  have  proven  the  case,  that  iron  pos- 
sesses a  solution  pressure.  (Solution  pressure  is  the 
motive  power  which  tends  to  cause  the  atoms  of  a  metal 
to  distribute  themselves  among  the  atoms  of  a  solution.) 
This  pressure  is  not  always  the  same  for  the  same  ma- 
terial, as  the  impurities  in  both  the  iron  and  in  the  water 
change  it,  and  the  segregation  of  impurities  throws  the 
surface  out  of  equilibrium,  thus  producing  a  varying  solu- 
tion pressure  in  the  mass. 

"Where  maximum  solution  pressure  occurs,  the  point 
will  be  positively  charged,  and  where  minimum  solution 
pressure  is  found,  they  will  be  negatively  charged,  this 
condition  only  requiring  that  the  two  points  be  brought 
into  contact  by  means  of  a  conductor,  a  film  of  water 
being  sufficient  to  bring  about  this  result,  and  rapid  cor- 
rosion is  the  consequence.  The  iron  atoms  are  now  pre- 
cipitated into  the  water  as  ferrous  hydroxide,  which  in 
turn  are  oxidized  by  the  atmospheric  oxygen  (dissolved 
in  water)  into  an  insoluble  ferric  state,  causing  the  de- 
position of  rust. 

"From  the  foregoing,  it  is  seen  that  before  rust  can  be 
49 
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formed  the  iron  must  pass  into  solution,  this  producing  zn 
electric  current  which  is  caused  to  flow  from  the  iron  at 
one  point  to  the  iron  at  another  point,  and  if  the  sulphur 
gases  from  factory  chimneys  should  permeate  the  atmos- 
phere, or  if  some  other  like  circumstance  should  prevail, 
this  flow  of  current  will  be  increased  and  the  solution  of 
the  iron  will  be  accelerated.  The  surface  of  the  iron 
possesses  different  degrees  of  potentiality  and  this  dif- 
ference produces  the  necessary  degrees  of  solution  to 
maintain  the  current,  the  difference  of  potentials  being 
due  to  the  uneven  distribution  of  the  impurities  contained 
in  the  steel. 

"Manganese,  not  exceeding  one  per  cent.,  present  in  the 
steel  is  conducive  to  corrosion,  because  its  presence  re- 
duces the  iron's  conductivity,  and  if  sulphur  is  present, 
the  condition  is  aggravated,  as  manganese  sulphide  is 
formed,  which  in  turn  is  oxidized  by  the  oxygen  in  the 
water  and  sulphuric  acid,  and  manganese  oxide  are  the 
resultants,  permitting  the  sulphuric  acid  to  act  locally 
wherever  the  manganese  oxide  is  found. 

"Under  these  conditions,  it  is  self-evident  that  iron  or 
steel  must  necessarily  give  up  some  of  its  valuable  quali- 
ties, or  in  other  words  it  is  weakened  by  the  removal  of 
some  of  its  parts.  The  process  of  oxidation  does  not  as 
a  rule  take  place  at  ordinary  temperatures  unless  moisture 
is  present,  and  in  order  to  prevent  this  condition  moisture 
must  be  excluded.  To  the  ordinary  action  of  air  and 
water,  we  must  include  such  secondary  causes  as  acceler- 
ate corrosion  as  the  absorption  of  moisture,  presence  of 
acids,  rough  surfaces  produced  by  scale,  etc.,  the  uneven 
distribution  of  foreign  matter,  and  electric  currents  in- 
duced by  outside  conditions. 

"If  the  electrolytic  action  described  above  could  be  ob- 
viated, corrosion  would  not  take  place,  but  the  manufacture 
of  steel  or  iron  has  as  yet  not  reached  that  stage  of  per- 
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fection  which  would  preclude  those  inherent  qualities 
which  in  themselves  produce  this  condition.  .  .  ." 
There  is  another  point  of  view  which  clearly  indicates  the 
necessity  of  preservation  of  steel  and  iron  structures  against 
corrosion,  and  that  is,  the  ever  present  problem  of  conserva- 
tion. This  is  startlingly  illustrated  when  we  have  brought  to 
our  attention  the  fact  that  the  production  of  pig  iron  in  the 
United  States  alone  for  the  year  1913  was  31,000,000  tons, 
and  a  number  of  tons  of  coal,  or  equivalent,  was  used  in  mak- 
ing one  ton  of  finished  steel  from  ore. 

Materiai.,  Steel  Versus  Iron. 
There  is  no  doubt  that  the  iron  used  by  the  ancients  was 
much  less  subject  to  decay  than  the  present  day  material. 
Many  examples  of  such  iron,  which  have  been  brought  to  our 
attention  by  travelers  and  archaeologists,  and  even  some  of 
the  specimens  which  are  still  performing  their  functions  to-day, 
conclusively  prove  that  the  iron  of  our  forefathers  was  a  very 
much  more  durable  metal  than  that  in  use  to-day. 

A  quotation  from  Cushman  &  Gardner's  "The  Corrosion 
and  Preservation  of  Iron  and  Steel,"  will  be  appropriate  here : 
"Sang  says  as  follows :  'Carelessness  of  manufacture, 
which  tends  to  heterogeneousness,  is  an  invitation  to  cor- 
rosion and  in  itself  goes  far  to  explain  why  modern  steel, 
which  is  tortured  into  shape  at  such  a  high  speed  that  the 
molecules  are  not  permitted  to  readjust  themselves,  is  said 
to  be  more  corrodible  than  the  metals  produced  a  gener- 
ation ago;  in  those  days  iron  and  steel  were  produced  in 
small  quantities,  without  the  addition  of  other  metals,  and 
were  rolled  slowly  and  were  allowed  to  cool  naturally. 
The  internal  strains  due  to  mechanical  treatment  are  not 
to  be  confoimded  with  the  unevenness  in  the  distribution 
of  the  impurities  due  to  segregation  in  cooling;  these 
mechanically  induced  strains  are  really  equivalent  to 
straining  the  metal  beyond  the  elastic  limit  which,  as  will 
be  seen  later,  makes  it  more  corrodible.  Moreover,  the 
tonnage-craze,  from  which  the  quality  of  product  in  so 
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many  industries  is  to-day  suffering  is  causing  to  be  placed 
on  the  market  a  great  mass  of  material,  only  a  small  pro- 
portion of  which  is  properly  inspected,  which  is  not  in 
•  proper  condition  to  do  its  work: — rails  and  axles  whidi 
fail  in  service  and  steel  skeletons  for  high  buildings  which 
may  carry  in  them  the  germs  of  destruction  and 
death/    ... 

"The  authors  (Cushman  &  Gardner)  are  satisfied  to 
reiterate  their  previously  published  opinion  that  there  is 
great  variation  in  each  type  of  metal  in  rust  resistance  and 
that  in  this  respect  there  are  good  and  bad  irons,  just  as 
there  are  good  and  bad  steels.  If  this  is  true,  and  a  mass 
of  evidence  seems  to  support  the  statement,  it  is  useless  for 
manufacturers  of  the  different  types,  through  their  agents, 
to  engage  in  endless  polemical  debates  over  the  compar- 
ative excellence  of  their  respective  products.  The  proper 
control  of  unavoidable  impurities,  their  homc^neous  dis- 
tribution and  a  careful  heat  treatment,  particularly  as  far 
as  the  annealing  processes  are  concerned,  will  improve  the 
rust-resistant  quality  of  metal,  whether  it  is  called  iron 
or  steel,  and  regardless  of  the  method  by  which  it  is 
made.     .     .     . 

"No  thoughtful  person  supposes  that  it  would  be  prac- 
tically possible  to  return  to  the  earlier  laborious  methods 
of  iron  manufacture,  in  order  to  produce  metal  highly 
resistant  to  corrosion.  The  modern  problem  must  be 
solved  by  modem  economic  methods,  and  there  is  no 
reason  to  suppose  that  great  improvements  will  not  be 
made  in  the  quality  of  both  iron  and  steel,  as  soon  as  the 
principles  governing  the  rate  and  kind  of  corrosion  which 
takes  place  on  different  t)rpes  and  kinds  of  iron  are  thor- 
oughly established." 

It  is  interesting  to  note,  in  connection  with  the  above,  that 
some  holder  designers  are  now  recommending  a  steel  con- 
taining small  percentages  (about  0.2  per  cent.)  of  copper,  and 
also  that  a  holder  has  been  recently  completed,  the  sections  of 
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which  are  constructed  of  iron  analyzing  99.8  per  cent,  pure 
iron,  and  the  guide  frame  and  tank  of  open  hearth  steel.  Dur- 
ing the  construction  of  this  holder,  it  was  necessary  to  replace 
a  number  of  sheets,  which  were  rejected  by  the  inspector.  It 
was  found  impossible  to  secure  wrought  iron  sheets  of  the 
dimensions  required  on  short  notice,  and  steel  sheets  were  sub- 
stituted. The  location  of  these  sheets  has  been  marked  and 
their  resistance  to  corrosion,  as  compared  with  the  neighbor- 
ing wrought  iron  sheets,  will  be  an  interesting  subject  of 
observation. 

Knowledge  on  this  subject,  however,  is  incomplete,  and 
much  research  work  has  yet  to  be  done.  We  may,  however, 
leave  the  decision  in  these  matters  to  those  having  the  imme- 
diate responsibility  for  the  design  of,  and  material  to  be  used 
in,  new  holder  construction,  as  we  are  more  primarily  con- 
cerned with  the  care  of  existing  structures,  the  nature  of  the 
material  of  which  we  cannot  change. 

General  Conditions  Found  upon  Inspection. 

The  general  belief,  as  to  the  more  or  less  indestructible 
nature  of  metal  structures,  will  be  somewhat  upset  by  a  close 
examination  of  the  light  frame  work  and  sections  of  modem 
steel  gas  holders.  A  casual  inspection  shows  them  to  be 
apparently  in  good  condition,  but  a  careful  scrutiny  will  serve 
to  show  their  extreme  susceptibility  to  corrosion.  It  will  not 
be  exaggeration  to  say  that  neglect  to  properly  safeguard 
these  structures  against  corrosion  will  result  in  the  distortion 
of  members,  and  the  possible  impairment  of  the  stability  of 
the  structure. 

The  foregoing  remarks  apply  more  particularly  to  holders 
located  in  damp  climates  and  near  the  sea  coast ;  those  at  high 
altitudes  and  in  dry  air  being  in  less  danger.  After  once 
forming,  however,  rust  continues  at  a  rapid  rate,  even  in  dry 
atmospheres,  owing  to  the  porosity  of  the  rust,  and  its  con- 
sequent retention  of  water. 

The  rate  of  corrosion  will  vary  greatly  in  different  struc- 
tures, and  even  in  different  parts  of  the  same  structure.    This 
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is  undoubtedly  due  to  carelessness  in  the  manufacture  of  steel, 
the  diflferent  parts  of  the  same  structure  having  metal  of  an 
entirely  different  composition. 

Faults  in  Design. 

Faults  in  the  design  of  some  of  the  comparatively  modem 
holders,  as  far  as  the  possibility  of  protecting  them  from  cor- 
rosion is  concerned,  are  astonishing  and  lead  one  to  the  belief 
that  the  perishable  nature  of  modem  steel  was  not  given  due 
consideration  by  the  designers  of  such  holders. 

".  .  .  Within  the  last  few  years,  we  had  occasion 
to  inspect  the  condition  of  63  gas  holders,  some  of  which 
were  erected  as  far  back  as  1853,  ^^^  I  shall  endeavor 
to  give  a  short,  concise  description  of  the  condition  of 
these  holders  at  the  time  of  inspection.     .     .     . 

Holder  Proper. 

"In  some  of  the  very  old  constructions,  it  was  found 
that  the  holder  shells  and  crown  were  almost  completely 
gone,  and  therefore  the  original  cause  could  not  very  well 
be  established,  although  from  later  investigations,  it 
appeared  that  decay  originally  began  at  those  parts  which 
were  periodically  in  contact  with  water,  and  proper  pre- 
cautions not  having  been  taken  to  remove  this  original 
evil,  the  decay  crept  from  sheet  to  sheet  until  the  entire 
structure  was  affected. 

"When  it  is  remembered  that  in  the  case  of  a  gas 
holder,  conditions  exist  which  do  not  pertain  to  any  other 
structure,  such  as  a  longer  or  shorter  period  of  suspension 
in  the  air,  or  in  the  chemically  foul  water  of  cups  and 
tanks,  and  the  emergence  of  the  holder  covered  with  water 
into  the  hot,  and  at  other  periods  into  the  cold  atmosphere, 
it  is  remarkable  that  the  material  did  not  decay  much 
earlier,  and  this  can  probably*  only  be  attributed  to  the 
metal  itself,  which  at  the  time  of  building  was  made  by 
quite  a  different  process  from  that  which  prevails  at 
present. 
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"Later  constructions  showed  deterioration  at  the  cup 
and  grip  sheets,  and,  if  not  properly  cared  for,  at  the 
sheets  next  to  cup  and  grip,  at  the  vertical  legs  where 
they  were  attached  to  the  shells ;  under  and  around  the 
carriages  and  rollers,  and  between  the  shells  and  outer 
friction  plates,  if  such  were  used. 

"The  holder  plates  decayed  through  the  usual  action  of 
the  water  inducing  electrolytic  action,  but  the  material 
under  the  carriages  could  have  been  protected  by  proper 
care,  while  the  friction  plate  construction  was  bad  in 
itself,  as,  if  moisture  once  entered  between  the  plate  and 
the  shell  the  damage  was  done,  and  it  became  only  a 
matter  of  time  when  the  material  in  immediate  contact 
under  tlie  plate  was  compelled  to  decay,  as  there  was  no 
means  of  arresting  this  action  after  it  had  once  been 
started.  The  connection  of  vertical  leg  to  shell  was  prob- 
ably affected  through  the  shell  material  itself,  as  the 
decay  here  quickly  induced  the  same  condition  in  the  sur- 
rounding material. 

"Other  causes  of  decay  were  very  thin  metal,  which 
prevented  caulking  of  sheet  to  sheet,  and  produced  the 
necessity  of  placing  some  sort  of  joint  material  between 
the  plates,  instead  of  making  all  joints  metal  to  metal. 
This  joint  material,  by  the  action  of  time,  gradually  dis- 
appeared, and  thus  left  openings  for  the  admission  of 
moisture  until  the  entire  material  became  affected,  as  the 
point  of  attack  was  so  located  that  preventive  measures 
were  of  no  avail ;  the  removal  of  the  joint  material  also 
produced  pockets  which  admitted  foreign  material  and 
accentuated  the  possibilities  of  decay. 

Guide  Frame. 

"The  guide  frames  of  the  very  old  holders  were  usually 
constructed  with  cast  iron  columns,  and  steel  or  cast  iron 
girders,  the  use  of  wind  ties  not  having  become  common 
owing  to  the  greatly  reduced  capacity,  and  consequently 
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size,  of  these  holders  when  compared  to  modem  struc- 
tures. 

"It  was  invariably  found  that  the  bolts  in  the  joints  of 
the  columns  rusted  out,  and  as  these  columns  were  open 
to  the  weather  at  the  top,  rust  usually  formed  on  the 
inside  with  consequent  deterioration.  The  girders  were 
usually  bolted  to  the  tops  of  the  columns  and  here  also, 
due  to  the  accimiulation  of  dirt,  moisture  was  permitted 
to  enter  with  the  usual  result. 

"In  the  constructions  prevalent  up  to  a  few  years  ago, 
the  guide  frames  were  built  of  a  multiplicity  of  parts,  and 
the  girders  as  well  as  the  standards  were  usually  supplied 
with  cover  plates;  these  latter  were  a  source  of  great 
annoyance,  as  moisture  usually  penetrated  between  the 
members  and  corrosion  immediately  followed,  the  usual 
method  of  construction  precluding  the  possibility  of 
proper  cleaning  and  repainting  these  joints.  S<mie 
instances  have  come  under  my  observation  which  showed 
an  accumulation  of  rust  from  i  in.  to  i^  in.  thidc, 
causing  the  cover  plate  to  belly  out  between  the  rivets, 
and  at  times  to  such  an  extent  as  to  shear  off  the  rivet 
heads. 

"The  method  of  connecting  the  girders  and  the  diag- 
onals to  the  standards  were  also  very  often  of  such  con- 
struction as  to  form  pockets  for  the  deposit  of  dirt  with 
the  consequent  evil  effect,  this  condition  also  being  of 
such  a  character  that  rivets  were  forced  out  of  the  con- 
nections and  the  structure  thereby  greatly  weakened. 

"The  shape  of  the  material  used  was  also  at  times  not 
a  proper  selection,  and  especially  was  this  the  case  wiA 
the  usual  great  amount  of  lattice  work  employed  in  former 
constructions,  each  joint  in  such  a  lattice  structure  form- 
ing an  exceptionally  advantageous  point  of  attack. 

"It  was  also  noted  that  in  many  instances  rivets  did 
not  fill  the  holes,  and  consequently  after  the  frame  had 
been  subjected  to  the  usual  racking  effect  of  wind  storms, 
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these  rivets  would  work  loose,  opening  up  points  of 
attack,  which  could  not  be  detected  by  means  of  the  usual 
casual  inspection.  This  condition  was  accentuated  wher- 
ever bolts  were  used  in  connecting  the  various  members 
of  the  frame. 

Steel  Tanks. 

"Of  the  entire  structure  the  tanks  were  least  affected 
by  corrosion,  probably  due  to  the  fact  that  there  were 
less  parts  and  less  joints  open  to  attack. 

"The  top  shell  sheet  at  the  water  line,  with  the  tank 
rails  at  the  same  level,  are  the  points  where  corrosion  is 
usually  found  first;  the  coping  is  also  subject  to  attack, 
if  water  is  permitted  to  accumulate  and  remain  on  the 
plates.  Loose  rivets,  producing  weeps,  are  also  points  of 
special  attack,  and  unless  immediately  caulked,  may  lead 
to  serious  consequences  in  time. 

"The  method  of  connecting  the  standard  supports  to 
the  tank  shell  in  the  older  construction  also  produced  con- 
siderable corrosion,  as  this  joint  was  generally  of  such  a 
nature  that  dirt  would  acctmiulate  and  absorb  moisture. 

"The  bottom  curb  and  outer  edge  of  the  tank  bottom, 

where  it  rests  upon  the  foundation  also  are  points  of 

attack,  if  not  properly  cleaned  and  protected.     .     .     ." 

A  number  of  instances  have  also  been  taken  by  the  writer 

as  further  illustrating  where  corrosion  may  be  looked  for,  and 

notes    included    covering   remedies    applied    in    the    various 

instances. 

In  order  that  the  references  may  be  clear,  the  nomenclature 
of  the  various  parts  of  the  frame  work  of  a  modern  holder 
are  given  in  Fig.  i. 

Standard  Supports. 

In  numerous  instances,  the  standard  support  will  be  found 
secured  to  the  tank  plates  by  means  of  two  Z  bars  connected 
to  the  front  chord  of  the  standard  support,  thus  leaving  an 
inaccessible  pocket  or  space,  with  a  depth  corresponding  to 


Digitized  by  VjOOQIC 


778 


^"^^ 

^Homam^i.        X^        ik  •iwt>. 

./\ 

i 

TANK. 

'  I 

Fig.  I. — Gas  bolder  frame  work.  Page  777. 
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the  depth  of  the  Z  bar,  and  width  corresponding  to  the  width 
of  front  chord  of  standard  support.  This  condition  is  illus- 
trated in  Fig.  2,  showing  a  5,000,000  cu.  ft.  holder  built 
in  1904. 


Fig.  2. — **Z'*  bar  attachment  of  standard  support.     Page  779. 

In  many  instances,  the  bottom  set  of  these  Z  bar  connec- 
tions will  be  found  embedded  in  the  concrete  wall,  the  space 
being  filled  with  sand,  cement,  roof  cement,  paint  skins,  and 
any  one  of  a  dozen  different  compounds,  all  of  which  shrink 
away  from  the  metal,  allowing  air  and  moisture  to  enter,  and 
corrosion  to  go  on  at  a  rapid  rate. 
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These  pockets  should  be  cleaned  out  at  any  cost,  and  the 
metal  surfaces  thoroughly  cleaned  and  painted.  It  will  prob- 
ably be  necessary  to  cut  hand  holes  in  the  web  of  Z  bars  in 
many  instances.     It  has   been   found   possible,  however,  in 


Fig.  3.— Buckled  cover  plate.     Page  781. 

some  cases,  to  clean  out  the  space  in  question,  where  only  the 
openings  have  been  sealed  with  cement,  and  to  scrape  the 
inner  surfaces  by  means  of  a  piece  of  wire  cable,  with  the 
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Strands  turned  up  to  form  a  rough  brush,  after  which  paint 
can  be  applied  by  drawing  a  swab  back  and  forth  by  means 
of  lines  operated  from  above  and  below  the  pocket.  The 
standard  supports  have  also  been  found  corroded  where  they 
enter  the  concrete  or  brick  guard  walls.  This  question  is 
taken  up  later  under  the  heading  of  "Tanks." 

In  the  older  type  of  steel  tank  holders,  a  cover  plate  was 
frequently  used  on  the  back  chord  of  standard.  In  these 
instances,  as  in  many  others,  no  regard  appears  to  have  been 
paid  to  the  pitch  of  rivets  necessary  to  properly  secure  the 
plate  against  buckling. 

The  condition,  as  shown  in  Fig.  3,  taken  from  a  1,500,000 
cu.  ft.  holder  built  in  1892,  has,  of  course,  been  increased  by 
corrosion,  but  undoubtedly  has  existed  to  some  extent  since 
the  assembling  of  the  guide  frame.  There  does  not  appear  to 
be  any  remedy  for  this  condition,  other  than  the  renewing  of 
the  plate  and  the  insertion  of  additional  rivets. 

Tank. 
It  has  become  a  general  practice  to  surround  the  portion 
of  steel  holder  tanks  below  grade  with  concrete  or  brick  walls. 

"...  The  action  of  the  metal  of  the  tank  behind 
concrete  protective  walls,  as  well  as  the  action  of  the  iron 
imbedded  in  the  concrete,  cannot  at  present  be  spoken  of 
authoritatively  as  the  use  of  these  walls  is  only  of  recent 
years,  and  no  experience  has  as  yet  been  gained  in  this 
direction. 

"The  concrete  should  be  placed  directly  against  the 
tank  shell  without  leaving  any  voids,  and  if  these  should 
be  found  they  should  be  filled  with  asphaltum  or  some 
other  such  compound.  The  caustic  lime  in  the  cement 
should  be  a  preventative  of  corrosion,  for  as  stated  above, 
iron  in  an  alkaline  solution  will  not  corrode,  but  this  will 
only  remain  so  as  long  as  the  cement  retains  its  caustic 
properties;  as  soon  as  the  cement  absorbs  carbonic  acid 
from  the  air,  the  caustic  lime  is  converted  into  insoluble 
carbonate  of  lime  which  induces  corrosion.     Therefore, 
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it  is  necessary  that  the  concrete  be  brought  into  perfect 
contact  with  the  metal,  and  the  concrete  be  covered  with 
a  protective  coating,  as  the  absorption  of  the  carbonic 
acid  may  cause  the  concrete  to  recede  from  the  metal  and 


Fig.  4. — Corrosion  of  tank  plate.      Page  784. 

thus  permit  moisture  to  enter,  with  the  consequent  evil 

effect."     .     .     . 
It  has  been  found  that  these  walls  do  not  remain  in  intimate 
contact  with  the  steel  tank  walls,  a  considerable  space  ap- 
pearing between  the  concrete  or  brick  wall  and  the  steel  wall, 
after  a  short  space  of  time.    An  examination  was  made  of  a 


Digitized  by  VjOOQIC 


783 


number  of  these  steel  tanks,  where  they  had  been  covered  by 
a  wall,  the  result  of  which  is  shown  in  the  following  illustra- 
tions : 

The  dimensions  given  in  each  figure  showing  the  depth  to 


Fig.  5.— Corrosion  of  tank  plate.     Page  784. 

which  corrosion  had  progressed,  this  corrosion  being  only  of 
a  primary  nature,  no  signs  of  deep  pitting  having  as  yet  ap- 
peared. 

The  plates  below  the  line  show  superficial  corrosion  only, 
and  those  without  dimensions,  show  superficial  corrosion  only 
over  the  entire  surface  exposed. 
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Fig.  4  is  taken  from  a  5,ooo,(XX)  cu.  ft.  holder  built  in 

1904. 
Fig.  5  is  taken  from  a  5,000,000  cu.  ft.  holder  built  in 

1903. 


Fig.  6.— Corrosion  of  tank  plate.     Page  784. 

Fig.  6  is  taken  from  a  3,000,000  cu.  ft.  holder  built  in 
1903. 

Fig.  7  is  taken  from  a  500,000  cu.  ft.  holder,  the  date 
of  erection  of  which  is  not  in  the  writer's  posses- 
sion. 
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Fig.  8  is  taken  from  a  50o,cxx)  cu.  ft.  holder  built  in 
1898. 
It  was  thought  in  the  case  of  this  holder  that  the  apron 
projecting  over  the  top  of  the  guard  wall,  and  from  which 


Fig-  7.— Corrosion  of  tank  plate.     Page  784. 

the  brickwork  had  drawn  away,  would  have  a  tendency  to 
collect  moisture  and  promote  rapid  corrosion,  such,  however, 
was  not  found  to  be  the  case. 

Some  holder  designers  preferred  the  guard  walls  to  stand 
away  from  the  steel  tanks,  thus  allowing  a  space  for  inspec- 
tion and  painting  of  steel  tank.     In  the  annular  space  thus 
so 
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formed,  between  tank  and  wall,  water  will  accumulate  during 
a  storm,  and  will  in  time  disappear  through  absorption  and 
evaporation.  This  constant  change  of  conditions  will  be 
found  a  very  severe  test  upon  any  paint  used  on  the  bottom 
courses  of  the  tank  and  the  bottom  curb  angle.     These  wiD 


Fig.  8. — Corrosion  of  tank  plate.     Page  785. 

need  frequent  and  careful  attention  to  prevent  them  from 
seriously  corroding. 

Notwithstanding  the  comparatively  small  amount  of  cor- 
rosion, disclosed  by  examinations,  of  tanks  below  the  guard 
walls,  it  was  considered  advisable  to  check  this,  if  possible, 
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as  in  the  course  of  time  serious  damage  to  the  tank  walls 
might  occur,  and  the  following  method  was  resorted  to : 

So  called  "elastic  cement"  was  used  for  this  purpose.  This 
cement  is  furnished  by  a  well  known  manufacturer  and  may 
be  readily  secured.  About  three  barrels  were  found  sufficient 
for  a  5,000,000  cu.  ft.  holder. 

The  cement  is  heated  until  it  is  about  the  consistency  of 
molasses.  It  must  not  be  allowed  to  boil,  as  this  destroys  its 
elastic  qualities. 

A  V  shaped  space  should  be  cut  in  the  top  of  the  masonry 
wall,  next  the  steel  tank,  and  the  cement  poured  therein  until 
it  takes  its  final  level.  Several  applications  can  be  made,  the 
cement  bonding  after  a  few  days.  The  wall  must  be  approxi- 
mately level  at  the  top,  otherwise  the  cement  will,  in  the 
course  of  time,  find  its  way  to  the  lower  part  of  the  wall  and 
flow  out,  leaving  voids  at  the  high  points.  The  steel  tank 
walls  and  the  masonry  walls  must  be  perfectly  dry  when  the 
cement  is  applied,  otherwise  the  bond  between  the  masonry 
and  the  steel  tank  will  be  defective,  allowing  moisture  to  find 
its  way  in. 

Experiments  have  been  made  with  pitch  or  asphaltum 
spread  over  the  top  of  elastic  cement,  in  an  endeavor  to  keep 
it  from  creeping.  In  the  writer's  experience,  this  has  not  been 
necessary  and  no  protection  over  the  elastic  cement  is  used. 

In  the  case  of  brick  walls  around  holder  tanks,  two  methods 
have  been  resorted  to: 

The  top  of  the  annular  space  is  filled  with  elastic  cement  in 
the  same  manner  as  that  resorted  to  in  the  case  of  concrete 
walls.  In  addition  to  this,  holes  are  drilled  at  points  consid- 
erably below  grade,  and  cement  grout  used  under  pressure 
until  it  shows  at  the  top  of  the  walls.  This  is  done  as  there  is 
no  assurance  that  the  brick  walls  are  air  tight.  * 

The  elastic  cement  referred  to  in  the  above  description  is 
of  such  a  nature  that  it  remains  permanently  plastic. 

The  chemist's  report  on  this  compound  is  as  follows: 
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Analysis  of  Elastic  Cement. 

Percent. 
Insoluble  matter,  principally  lead  sulphate,  PbSO#...  25.67 

Iron  oxide,  FcaO.  3d88 

Calcium  sulphate,  CaS04  1942 

Calcium  carbonate,  CaCO»  a59 

Magnesium  carbonate,  MgCO»   14x17 

Undetermined    3^ 

loaoo 

Solid  matter   (as  above  analysis) 88a| 

Oil  vehicle  (nature  not  determined) 11.96 

Test  of  this  Compound, — A  piece  of  iron  pipe  was 
polished  and  coated  with  cement.  It  was  then  treated 
with  hydrochloric  acid  and  the  compound  was  then  scraped 
off.  The  results  showed  that  the  coating  protected  the 
iron  from  the  acid.  This  pipe  is  sent  herewith  marked 
with  blue  line.  The  part  "A"  has  been  protected  by  the 
coating  and  retains  the  luster;  the  part  "B"  was  unpro- 
tected and  has  been  affected  by  the  add.  This  test  would 
indicate  that  coating  forms  an  efficient  protection  against 
corrosion. 

Frequent  examinations  of  this  compound,  after  application, 
show  it  to  be  very  effectively  sealing  the  annular  spaces  re- 
ferred to  above. 

Guide  Frames, 

Many  guide  frames  of  comparatively  recent  construction 
have  horizontal  tie  struts  formed  of  angles  connected  by 
means  of  lattice  bars.  In  many  instances,  the  ends  of  lattice 
bars  extended  several  inches  beyond  the  rivet,  tmder  which 
projecting  end  corrosion  formed,  spreading  along  lattice  bar 
where  it  was  in  contact  with  angle,  distorting  the  bars  mate- 
rially and  making  the  cutting  out  of  rivets,  cleaning  of  mem- 
bers, and  their  straightening  out  and  replacing  necessary. 

In  replacing  the  lattice  bars,  the  projecting  ends  should  be 
cut  off,  leaving  just  sufficient  metal  to  give  the  rivet  its  proper 
strength.  This  condition  is  shown  in  Fig.  9,  which  was  taken 
from  a  5,000,000  cu.  ft.  holder  built  in  1904. 
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Another  frequent  cause  of  corrosion  is  found  in  the  pockets 
formed  by  diagonal  members  of  the  open  type  of  standard. 
In  many  instances,  these  diagonal  members  are  formed  of 
channels  and  on  every  alternate  tier  of  standards  these  chan- 
nels are  framed  into  the  back  chords  of  standards  with  flanges 


^^^fc       -^  -     •     J^t 

i 

i 

■r    1 

M:               ■ 

>  • 

i 

^          ^                 ^^H 

Fig.  9. — Corrosion  of  projecting  ends  of  lattice  bars.     Page  788. 

towards  the  web  of  I  beam  forming  the  chord.  As  the  stand- 
ard narrows  toward  the  top,  these  diagonal  members  form 
an  acute  angle  with  the  back  chord,  making  a  deep,  narrow 
pocket  which  it  is  impossible  to  properly  clean.  In  some  in- 
stances, this  pocket  was  filled  with  cast  iron  wedge  shaped 
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blocks,  which  retarded,  but  did  not  entirely  prevent  the  forma- 
tion of  rust.  In  cases  where  these  blocks  were  not  installed, 
corrosion  attacked  the  channel  from  the  inside,  hammer 
tests  developing  the  thinness  of  the  metal,  the  outside  being 
still   coated   with   paint,   and   the  member  apparently  intact 


Fig.  lo.— Pocket  formed  by  diagonal  member.     Page  790. 

This  condition  is  shown  in  Fig.  10,  which  is  taken  from  a 
5,000,000  cu.  ft.  holder,  built  in  1903.  The  replacing  of  mem- 
ber seems  to  be  the  only  remedy. 

Foot  walk  plates  haVe  also  been  found  to  have  insufficient 
number  of  rivets,  where  the  plate  is  fastened  to  the  horizontal 
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member  supporting  it,  corrosion  forming  at  these  points  and 
forcing  the  plate  up.  Additional  rivets  between  existing  rivets 
in  these  walk  plates  have  been  found  necessary.  Small 
pockets  in  the  frame  work,  between  the  butting  ends  of  mem- 
bers have  been  found  badly  corroded.  All  edges  of  plates, 
members,  etc.,  particularly  where  such  edg^  are  in  a  verti- 
cal position,  have  been  found  to  corrode  and  spread,  and 
caulking  of  these  vertical  joints  has  been  deemed  advisable. 

The  ends  of  diagonal  braces,  beyond  the  last  rivets  have 
been  found  corroded  underneath.  This  corrosion  forces  the 
member  up,  and  endangers  the  stability  of  this  particular 
member.  This  can  be  arrested  by  the  use  of  a  thin  scraper 
or  hack  saw  blade. 

Corrosion  will  also  be  found  at  points  where  diagonal 
braces  intersect,  particularly  where  plates  are  inserted  between 
them.  In  cases  where  the  diagonal  members  are  formed 
of  round  rods,  it  was  customary  in  the  past  to  provide  orna- 
mental junction  plates  of  cast  iron.  In  many  instances,  upon 
the  removal  of  these  ornaments,  the  rods  were  found  very 
badly  wasted.  In  fact,  it  has  been  found  advisable  to  remove 
all  ornamental  parts  of  frame  work  on  holders,  which  are  not 
necessary  to  their  stability.  In  some  instances,  flat  or  angle 
shaped  diagonal  braces,  when  such  braces  have  been  found 
badly  corroded,  have  been  replaced  with  round  rods  and  turn- 
buckles. 

Brackets  holding  guide  rails  on  standards  frequently  have 
fillers  placed  behind  them,  and  in  many  instances  have  been 
found  forced  out  of  alignment  by  corrosion. 

Carriages, 
In  many  of  the  earlier  holders,  no  provision  was  made  for 
draining  the  carriage  bed  plates.  This  was  especially  so  in 
the  case  of  top  carriages.  Fig.  ii,  taken  from  a  1,000,000 
cu.  ft.  holder,  built  in  1890,  shows  a  carriage  which  constitutes 
a  completely  enclosed  box  section.  Examination  showed  the 
crown  sheets  to  be  badly  wasted  and  resulted  in  the  cutting  of 
hand  holes,  and  drilling  of  drain  holes  in  the  carriages. 
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In  a  number  of  instances,  on  holders  built  even  within  the 
last  few  years,  counter  weights  were  provided  which  were 
placed  inside  the  goosenecks  supporting  top  carriages.  Their 
presence  was  not  reported  in  a  number  of  instances  by  painters 
and  inspectors,  and  when  finally  removed,  the  crown  sheets 


Fig.  II.— Enclosed  carriage  bed  plate.    Page  791. 

were  considerably  wasted  by  corrosion.  This  condition  is 
illustrated  in  Fig.  12  taken  fom  a  5,000,000  cu.  ft.  holder 
built  in  1903.  When  such  weights  remain  in  use,  it  would  be 
well  to  carry  them  in  a  frame  raised  clear  of  the  crown  sheets. 
Many  of  the  older  type  holders,  with  stayed  crowns,  were 
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constructed  with  very  light  crown  sheets.  These  light  plates 
buckled  between  points  of  support,  leaving  a  considerable  area 
for  the  accumulation  of  water,  dust,  cinders,  etc.  A  practice 
has  been  made  by  superintendents,  or  foremen  painters,  or 
whoever  was  responsible  for  the  care  of  the  holders,  of 
attempting  to  fill  these  depressions  with  paint  skins,  or  roof- 
ing cement,  and  thus  allow  the  water  to  flow  off.  This  was 
found  to  be  a  very  dangerous  practice,  as  moisture  found  its 


Fig.  12.— Counter  weights  removed  from  goose  neck.     Page  792, 

way  under  the  filler  and  crown  sheets  were  found  badly  cor- 
roded. This  condition  is  illustrated  in  Fig.  13,  taken  from  a 
500,000  cu.  ft.  holder,  the  date  of  erection  not  being  available. 
These  depressions  should  be  kept  clean  and  frequently  painted. 

Sections, 

One  of  the  most  serious  conditions  with  which  we  have  to 
deal  in  caring  for  the  sections  of  modern  holders  is  the  manner 
in  which  the  vertical  legs  or  stiflFeners  were  attached  on 
holders  built  prior  to  2  or  3  years  ago.    These  legs,  or  stiff- 
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eners,  are  frequently  formed  of  channels  attached  to  the  out- 
side of  sections  by  means  of  2  angles.  The  inequality  of 
surfaces  to  which  they  are  attached  caused  by  the  overlapping 
plates  is  compensated  for  by  thin  fillers  under  retaining  bolts. 
The  spaces  thus  formed  between  the  1^^  and  the  sheets  of 
the  sections  harbor  moisture  and  dust,  and  promote  corrosion. 
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Fig'  '3' — Corrosion  at  low  spot  in  crown.     Page  793. 

This  condition  is  illustrated  on  Fig.  14,  which  is  taken  from  a 
3,000,000  cu.  ft.  holder  built  in  1903.  It  is  possible,  in  many 
cases,  to  clean  these  spaces  by  means  of  a  thin  scraper,  and  to 
paint  the  inner  surfaces  by  means  of  strands  of  lampwidc 
dipped  in  paint  or  red  lead,  and  forced  into  the  space  with  the 
scraper. 

As  a  general  proposition,  the  pockets  and  all  places  difficult 
of  access  on  tanks,  guide  frames,  and  sections  of  holders 
should  be  freed  of  all  roofing  cement,  putty,  paint  skins,  or 
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any  other  filler,  and  thoroughly  cleaned  and  painted,  as  none 
of  the  substances  heretofore  used  have  been  found  to  entirely 
exclude  air  and  moisture. 

Wherever  possible  the  drilling  of  drain  holes  in  pockets  will 
be  found  to  largely  prevent  corrosion.  This  has  also  been 
found  very  effective  in  preserving  footwalk  plates,  as  these 
become  slightly  buckled  and  allow  water  to  stand  after  a  rain 


Fig.  14.— Space  between  vertical  leg  and  section  sheet.    Page  794. 

storm,  which  in  the  course  of  time  evaporates,  putting  the 
metal  to  a  severe  test.  These  points  can  be  easily  observed 
and  marked  immediately  after  the  rain,  and  holes  drilled 
when  the  opportunity  offers. 

There  are,  of  course,  some  cases  where  the  pockets  of 
frame  work  are  so  inaccessible  that  their  filling  with  some  sort 
of  protecting  compound  is  necessary  in  preference  to  having 


Digitized  by  VjOOQIC 


796 

them  filled  with  water,  dust,  and  cinders.    In  these  cases,  care 
should  be  exercised  in  selecting  the  compound  to  be  used. 

Inquiry  by  the  writer  develops  the  fact  that  at  least  one 
well-known  paint  manufacturer  has  upon  the  market  a  com- 
pound specially  designed  for  water-proofing  the  decks  of 
bridges,  viaducts,  etc.,  and  which  is  of  such  a  nature  that 
cracks  or  breaks  caused  by  abrasion,  or  the  distortion  of  the 
structure  to  which  it  is  applied,  "heal"  automatically,  thus 
allowing  the  compound  to  resume  its  function  of  protecting 
the  structure  from  air  and  moisture.  Although  this  com- 
pound was  designed  primarily  for  use  on  railroad  bridges 
there  would  seem  to  be  some  instances  where  its  use  on  holder 
framing  would  be  an  advantage. 

Hand  Rails, 

On  many  holders,  hand  rails  will  be  found  to  be  formed  of 
ordinary  gas  pipe  and  fittings,  supported  by  cast  or  malleable 
iron  stanchions.  In  many  instances,  gas  pipe  hand  rails  have 
been  found  corroded  away  at  the  threads,  which  are  sometimes 
cut  to  a  great  length  to  serve  the  purpose  of  unions  or  long 
screws  when  putting  the  rail  together ;  and  breakage  of  railing 
supports  made  of  cast  or  malleable  iron  have  occurred.  In 
all  such  cases,  it  would  seem  advisable  to  replace  railing  sup- 
ports with  angles  and  form  the  rails  of  solid  bars. 

Inspection. 
A  thorough  inspection  of  all  parts  of  every  holder,  from 
tunnel  to  crown,  should  be  made  at  least  every  6  months,  by 
those  competent  to  pass  upon  their  general  condition.  The 
character  of  individuals  making  these  inspections  will,  of 
course,  depend  largely  upon  the  organization  and  the  size  of 
the  company,  but  where  any  considerable  number  of  holders 
are  under  control  of  one  engineer,  it  would  seem  that  the 
inspection  should  be  delegated  to  one  man,  whose  sole  duty 
consists  in  their  care  and  maintenance.  If  such  an  individual 
is  appointed,  he  should  be  a  practical  man,  and  should  make 
preliminary  examinations,  reporting  to  his  superior  the  details 
of  his  findings. 
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Printed  forms  of  reports  have  been  adopted  by  one  of  the 
larger  companies,  which  are  shown  in  Figs.  15  to  19  inclusive. 
These  forms  are  furnished  the  inspector,  and  are  printed  on 
heavy  manila  paper,  and  bound  in  a  canvas  covered  binder. 
The  inspector  makes  his  entries  upon  these  blanks,  and  upon 
the  completion  of  the  inspection  of  any  one  holder,  turns  his 
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original  copy  into  the  office,  where  a  copy  is  typed  for  an 
office  record,  which  the  holder  inspector  signs,  after  which  he 
receives  his  original  copy  again  for  use  in  directing  repairs. 

After  this  preliminary  report  is  made,  the  superintendent  or 
engineer  in  charge  makes  a  final  examination  of  the  special 
points  brought  to  his  attention,  and  passes  upon  the  recom- 
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mendations  for  renewals,  repairs,  etc.  The  holder  inspector 
can  also  have  general  supervision  over  repair  and  painting 
gangs. 

In  addition  to  this  semi-annual  inspection,  inspection  should 
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be  made  at  stated  periods  of  time  to  ascertain  the  general  con- 
dition of  holder  structures,  as  to  alignment,  levels,  etc  This 
examination  should,  of  course,  be  made  under  the  direct  super- 
vision of  the  engineer  in  charge,  or  his  assistants. 
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Major  repairs,  such  as  renewal  of  distorted  members,  etc., 
will,  of  course  have  to  be  done  by  the  holder  builders. 

Minor  Repairs,  Overhauling,  Etc. 
Minor  repairs,  such  as  patching,  caulking  seams,  drilling 
drain  holes,  sealing  tank  walls,  adjusting  rollers,  etc.,  can  be 
done  very  well  by  a  small  gang  of  skilled  men  in  the  company's 
employ. 
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As  a  general  rule  it  is  good  practice  to  complete  all  minor 
repairs,  overhauling,  etc.,  of  a  holder  just  prior  to  its  being 
painted.  This  procedure  is  carried  even  further  by  the 
writer's  company  and  all  cleaning  of  water  pockets,  and  gen- 
eral renovating  of  the  holder  is  done  by  a  special  gang  before 
the  painters  come  on  the  ground.  This  special  work  consists 
in  cleaning  out  and  red  leading  water  pockets,  drilling  drain 
holes,  removing  putty,  roofing  cement,  etc.,  from  places  which 
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can  be  cleaned  and  drained  without  the  use  of  such  compounds, 
pumping  out  and  cleaning  wells  and  tunnels,  etc. 

This  general  overhauling  is  found  to  effect  an  economy,  as 
when  the  large  painting  gang  arrives  at  the  holder,  their  work 
is  uninterrupted  by  the  necessity  of  special  attention  to  such 
affected  parts. 

It  has  been  found  necessary  to  equip  these  repair  gangs  wiA 
special  tools  to  reach  places  difficult  to  access  on  frame  work 
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and  sections.     Figs.  20  and  21  illustrate  these  special  tools. 
A  description  of  their  uses  follows : 

Tool  No.  J. — For  cleaning  out  pockets  formed  by  junc- 
tion of  lattice  bars  and  chord  angles  in  the  latticed 
type  of  standard  supports. 
Tool  No.  2. — For  cleaning  behind  vertical  legs  or  stiffcn- 
ers  on  sections,  where  space  is  %  in.  to  J^  i^- 
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Tool  No.  3. — For  same  use  as  Tool  No.  2  where  space 
is  J4  in.  or  more.  Made  long  so  as  to  give  enough 
spring  to  reach  all  points  behind  the  leg. 

Tool  No.  4. — For  same  use  as  Tool  No.  2,  where  space 
is  less  than  }i  in. 

Tool  No.  5. — General  scraper  for  use  on  flat  surfaces. 

Tool  No.  6. — General  scraper  for  use  in  pockets. 

Tool  No.  7. — Cup  scraper.  Has  pipe  handle  from  3  ft. 
o  in.  to  4  ft.  o  in.  long,  attached  to  scraper  by  means 
of  coupling. 
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Fig.  19.    Page  797. 

All  the  tools  shown  are,  of  course,  used  for  a  variety  of 
purposes,  but  were  made  for  the  special  use  stated.  R^:ular 
stock  scrapers  used  by  all  painters  are  not  shown. 

Applying  patches  on  plates,  or  replacing  rivets  in  leaking 
seams  with  bolts,  has  been  frequently  touched  upon,  a  very 
good  and  effective  bolt  being  shown  in  the  "Catechism  of 
51 
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Central  Station  Gas  Engineering/*  issued  by  the  Trustees*  Gas 
Educational  Fund. 

A  bolt  which  has  been  adopted  by  the  writer  with  con- 
siderable success  is  shown  in  Fig.  22.  Many  engineers,  how- 
ever, prefer  to  use  an  ordinary  split  head  tap  screw,  or  resort 
to  the  method  known  as  "fishing/'  vis. : 
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Fig.  20. — Repair  tools.    Page  800. 

When  repairs  are  made  in  the  side  sheets  or  crown  sheets 
near  the  curb,  to  drop  a  line  through  the  hole  in  which  it  is 
wished  to  insert  a  bolt  and  draw  this  line  up  under  the  bottom 
curb  of  the  outer  section  by  means  of  a  Icmg  hook  made  of 
heavy  wire ;  attach  the  bolt  and  draw  the  bolt  into  position  with 
the  line. 

A  similar  method  has  even  been  resorted  to  in  the  case  of 
leaks  at  rivets  in  steel  tanks.    The  method  in  this  case  being 
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to  drive  out  the  rivet  and  force  a  float  consisting  of  a  sealed 
bottle  or  cork  attached  to  a  line  through  the  hole,  allowing 
thb  to  float  to  the  surface  of  the  tank,  where  the  bolt  is  at- 
tached to  the  line  and  drawn  into  position  in  the  same  manner 
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Fig.  21.— Repair  tools.     Page  800. 

as  in  the  case  of  the  side  or  crown  sheet  repairs.    The  writer 
has  not  seen  this  done  personally,  but  is  assured  by  competent 
authority  that  it  is  a  possibility.    It  is  unnecessary  to  state  that 
men  engaged  in  this  work  wear  water-proof  clothing. 
Before  leaving  the  general  subject  of  minor  repairs  and 


Digitized  by  VjOOQIC 


8o4 


overhauling,  attention  is  called  to  the  possibility  of  cleaning 
holders  while  in  service  with  sandblast.  There  are  now  a 
number  of  concerns  engaged  in  manufacturing  apparatus  for 
this  purpose,  and  many  contractors  are  equipped  to  do  this 
work.  While  this  method  is  expensive,  there  is  a  question 
in  the  case  of  holders  which  have  been  neglected  or  improperly 
painted  and  cared  for,  whether  it  is  not  the  cheapest  method  in 
the  long  run. 


^ 


BEND  AS  SNORT  AS  POSSIBLE 


t«->ft  HALT  ROUND 


Fig.  22.— Repair  bolt.     Page  802. 

It  seems  good  practice  to  require  that  all  tools  used  aloft 
should  be  provided  with  lanyards  to  secure  them  to  the  wrists 
or  belts  of  workmen  using  them,  as  this  may  avert  serious 
or  fatal  injury  from  falling  tools  to  fellow  workmen,  or  the 
general  public.  This,  of  course,  cannot  be  made  to  apply  to 
heavy  tools,  such  as  sledges  and  bars,  which  in  falling  might 
carry  the  man  with  them. 

Purging. 
In  cases  where  major  repairs  are  to  be  undertaken,  neces- 
sitating the  landing  of  the  holder  and  the  purging  out  of  the 
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remaining  gas  the  following  procedure  would  seem  to  be  good 
practice  : 

1.  Remove  all  oil  from  inner  surface  of  tank  water  by 
means  of  skimmer  permanently  in  place,  or  if  no  skimmer  is 
provided,  by  the  use  of  a  temporary  skimmer,  the  forms  and 
uses  of  which  are  well  understood.  In  the  latter  case,  the 
holder  will,  of  course  have  to  be  raised  to  its  full  height  in 
order  to  introduce  the  temporary  skimmer  under  the  bottom 
curb  of  the  outer  section. 

2.  After  all  the  oil  possible  has  been  removed  from  the 
surface  of  the  water,  the  holder  should  be  landed  and  all  con- 
nections sealed,  and  one  of  the  manhole  plates  removed.  In 
place  of  this  manhole  plate,  a  similar  plate  should  be  installed, 
with  a  steam  jet  blower  connected  thereto.  These  blowers  are 
made  in  various  sizes  and  are  inexpensive.  They  can  be  se- 
cured having  capacities  of  from  10,000  to  2,000,000  cu.  ft.  per 
hour.  A  valve  should  be  installed'  between  this  blower  and 
manhole  plate  of  the  full  size  of  the  blower  discharge.  This 
valve  should  be  kept  closed  until  ready  to  raise  the  holder. 
An  outlet  closed  by  a  blank  flange  and  of  the  full  size  of  blower 
discharge  should  be  provided  above  the  valve,  the  use  of  which 
will  be  explained  later.  The  smaller  sizes  of  blowers  can  be 
conveniently  connected  from  permanent  steam  piping  on  guide 
frame  by  flexible  hose,  the  regular  top  cup  hose  being  in  all 
probability  sufficient  for  the  purpose. 

3.  When  this  apparatus  is  in  place,  turn  steam  into  the 
blower  and  allow  the  holder  to  rise  as  rapidly  as  possible.  It 
is  a  wise  precaution  if  metallic  hose  is  used  for  this  purpose  to 
insert  a  nipple  of  rubber  hose,  not  wire  wound,  between  the 
blower  and  metallic  hose  to  prevent  any  possibility  of  stray 
electric  currents  carried  on  the  holder  or  guide  framing  arcing 
during  the  operation.  There  will  be  a  time,  of  course,  during 
this  operation  when  an  explosive  mixture  will  be  present  in 
the  holder,  and  air  should  be  introduced  as  rapidly  as  possible 
while  passing  this  point.  The  tabulation  below  is  from  the 
physical  laboratory  of  one  of  the  larger  companies,  and  will 
serve  as  a  guide  to  indicate  when  the  danger  point  is  passed : 
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ExFuosvm  Properties  op  Mixture  op  Gas  and  Air. 


Gat,  per  cent. 
Up  to  9 

From  10  to  12 
From  13  to  14 
From  IS  to  18 
From  19  to  ao 
From  21  to  22 
At  23 

From  24  to  25 
From  26  upwards 


Result 
No  explosion. 
A  very  sliglit  explosion. 
A  slight  explosion 
A  hard  explosion 
A  very  hard  explosion. 
A  hard  explosion 
A  slight  explosion 
A  very  slight  explosion. 
No  explosion. 


Air,  per  cent. 
91 

90  to  88 
87  to  86 
85  to  82 
81  to  80 
79  to  78 

77 
76  to  75 
74  downwards 

Summary, 
Mixtures  began  to  explode  when  they  contained  10  per 
cent,  gas  and  90  per  cent.  air.  Explosions  increased  in 
strength  until  a  maximum  at  19  per  cent,  gas  and  81  per 
cent  air.  They  then  decreased  in  intensity  tmtil  the  mix- 
ture contained  26  per  cent,  gas  and  74  per  cent  air,  when 
the  explosions  ceased. 

The  above  experiments  were  made  under  laboratory  con- 
ditions. In  actual  practice,  when  purging  a  holder,  especially 
if  steam  is  used,  oil  vapors  will  be  found  to  form,  which  will 
explode  when  the  percentage  of  air  is  higher  than  at  any  point 
noted  in  the  test.  The  writer  has  exploded  mixtures  contain- 
ing as  high  as  93  per  cent,  to  94  per  cent,  of  air. 

When  it  is  certain  that  the  explosive  point  is  passed,  it  is 
well  to  continue  the  air  injection  as  long  as  possible,  in  order 
to  reduce  the  odor  in  the  neighborhood  to  the  minimum  when 
the  air  is  purged  from  the  holder.  Calculations  of  volumes  of 
gas  and  air  should  not  be  depended  upon  as  an  assurance  of 
the  non-explosive  character  of  the  contents  of  the  holder,  but 
will  serve  to  indicate  when  dangerous  mixtures  are  to  be  ex- 
pected. Analyses  and  explosion  tests  of  the  contents  should 
be  made  at  frequent  intervals.  Samples  far  this  purpose 
should  be  taken  from  a  nimiber  of  points  on  the  crown  of  the 
holder.  Upon  reaching  this  point,  the  steam  may  be  shut  oflE 
from  the  injector  and  the  air  allowed  to  purge  back  through 
the  outlet  provided  above  the  valve,  which  has  been  protected 
by  double  gauze,  i  ft.  apart  and  900  meshes  to  the  square  inch, 
the  descent  of  the  holder  being  controlled  by  valve  already 
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referred  to.  The  air  intake  in  the  blower  should  be  closed  by 
a  blank  flange  during  this  part  of  the  operation.  This  pro- 
cedure should  be  repeated  a  sufficient  numbed  of  times  to 
insure  any  remainder  of  g^,  or  mixture  of  gas  and  air,  being 
diluted  and  purged  out. 

4.  After  the  holder  is  landed,  a  second  plate  should  be  re- 
moved upon  which  is  installed  a  sheet  metal  purging  pipe, 
equipped  with  gauze  as  heretofore  described,  and  either  con- 
necting with  a  canvas  duct  running  up  holder  frame,  or  if 
the  holder  is  in  an  isolated  neighborhood,  the  metal  purge  pipe 
can  be  carried  only  sufficiently  high  to  be  out  of  the  reach  of 
workers  on  the  holder.  Steam  should  now  be  turned  into  the 
injector  again  and  the  crown  of  the  holder  purged  until  it  is 
sufficiently  free  from  gas  to  allow  of  the  work  proceeding. 
Trouble  will  probably  be  encountered  at  this  point,  from  the 
fact  that  oil  vapors  will  form  from  residue  of  oil  on  top  of 
tank  water,  all  of  which  it  is  impossible  to  remove  by  skim- 
ming. If  it  is  found  that  this  vapor  continues  to  form  after 
a  considerable  period  of  purging,  it  will  probably  be  found 
necessary  to  introduce  live  steam  at  several  points  on  the 
holder,  the  steam  in  the  course  of  time  carrying  off  the  oil  by 
evaporation. 

5.  The  tank  can  now  be  pumped  out  and  the  sludge  re- 
moved from  the  bottom.  This  will  probably  be  found  to  give 
off  a  strong  odor  and  some  vapor,  and  great  care  must  be 
used  in  allowing  men  to  enter  the  holder  before  assurance  is 
had  that  there  is  sufficient  pure  air  present  to  support  life. 

Painting. 
".  .  .  Various  attempts  have  been  made  to  prevent 
the  decay  of  iron  and  steel,  such  as  immersion  in  an 
alkali  solution,  which  is  but  temporary,  as  upon  its  emer- 
gence it  is  again  subjected  to  decaying  influences;  an- 
other temporary  method  is  a  treatment  with  chromic 
acid.  All  of  this  is  but  an  attempt  to  alter  the  nature  of 
steel  and  iron,  which  up  to  to-day  has  been  found  im- 
possible, and  the  only  other  alternative  is  to  protect  the 
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metal  from  such  causes  as  induce  electroljrtic  action,  or 
decay,  by  covering  it  with  some  material  which  in  itsdf 
will  not  induce  electrolytic  action  in  the  metal,  and  which 
will  prevent  the  contact  of  moisture  wkh  the  metal  itself. 
"It  is  not  my  intention  to  advocate  any  particular  paint 
or  covering,  but  I  will  point  out  the  virtues  necessary  to 
a  good  protective  paint 

"The  first  coat  applied  should  form  a  hard  foundation, 
and  should  possess  adherent  qualities  in  favor  of  the 
succeeding  coats,  as  if  the  first  coat  should  be  soft  die 
succeeding  coats  will  crack,  and  if  it  should  not  be  ad- 
herent, the  succeeding  coats  will  peel  off. 

"This  covering  should  also  be  a  nourconductor  of 
electric  currents,  as  in  order  to  prevent  the  electrolytic 
action  described  above,  it  must  be  capable  of  opposing  the 
admission  of  those  outside  influences  which  will  cause  an 
electric  current  to  pass  through  or  over  the  surface  of  the 
metal.  The  constituents  of  the  covering  in  themselves 
should  be  inhibitive  of  corrosion,  m  that  they  should 
negative  the  action  of  the  molecules  in  the  metal  which 
tend  to  produce  electrol)rtic  action. 

"The  constituents  should  also  be  such,  that  none  of  them 
are  soluble  in  water,  for  if  this  is  so,  the  paint  will  soon 
disintegrate,  or  upon  dissolving  they  might  form  other 
compounds  in  the  cup  or  tank  water  which  might  accd- 
erate  electrolytic  action. 

"It  should  also  be  impermeable,  as  if  it  is  porous,  and 
moisture  finds  entrance  into  the  body,  the  means  for 
producing  corrosion  are  immediately  at  hand."    .    .    . 
It  is  perhaps  not  too  broad  a  statement  to  say  that  a  con- 
siderable   portion    of    the    deterioration    of    modem    holder 
structures  is  due  to  the  perfunctory  nature  of  the  painting 
and  lack  of  care  in  selecting  paint,  red  lead,  oil,  etc.    Un- 
skilled labor  has  also  contributed  largely  to  the  failure  of 
paint  to  properly  protect  the  surface  to  which  it  is  applied. 
The  late  Mr.  Charles  L.  Rowland  pointed  out  the  danger  to 
holder  structures  of  improper  painting  in  a  paper  entitled, 
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"Gas  Holders,  Their  Care  and  Operation,"  read  at  the  Seven- 
teenth Annual  Meeting  of  the  American  Gas  Light  Associa- 
tion, October  i6th,  1889. 

As  a  general  rule,  it  will  be  found  that  painters  in  the  em- 
ploy of  the  gas  company,  and  tmder  the  direction  of  a  skilled 
foreman,  will  save  the  company  money  in  the  long  run.  Con- 
tractors will  usually  take  a  painting  job  cheaper  than  it  can 
be  done  by  the  company's  employees,  but  they  naturally  have 
not  the  same  interest,  and  it  is  quite  impossible  to  compel 
them  to  exercise  the  same  conscientious  care  that  will  be 
given  by  a  company's  employee  to  whom  the  result  attained 
is  more  to  his  credit  than  the  completion  of  the  work  for  a 
stated  sum. 

In  taking  up  the  general  subject  of  painting,  I  cannot  per- 
haps do  better  than  quote  from  an  article  by  Mr.  F.  P.  Cheese- 
man,  appearing  in  the  Fortieth  Anniversary  number  of  The 
Painters  Magazine,  May,  1914,  entitled,  "Structural  Steel 
Coatings,  the  Development  of  Protective  Paints  for  Metal 
Surfaces." 

"A  greater  advance  has  been  made  in  technical  paint 
knowledge  during  the  last  ten  years  than  ever  before  in 
the  history  of  the  trade.  This  has  been  due  largely  to 
the  experiments  conducted  under  the  auspices  of  the 
various  associations,  such  as  the  Paint  Manufacturers, 
The  American  Society  for  Testing  Materials,  The  Society 
of  Chemical  Industry  and  others.  We  will  state  briefly 
a  few  of  the  leading  results  announced    .     .     . 

"The  quality  and  construction  of  structural  iron  or 
steel  used  to-day,  is  quite  different  from  that  originally 
used,  and  this  has  necessitated  a  change  in  the  composi- 
tion of  paints  suitable  for  use  on  such  structural  metal. 

"One  thing  must  be  remembered,  and  we  quote  Emil 
Swennsen,  M.  Am.  Soc.  C.  E.,  as  one  of  the  best  author- 
ities on  this,  and  that  is :  'That  on  some  steel  it  is  impos- 
sible to  get  anything  that  will  stand,  as  the  steel  will  eat 
up  and  destroy  any  protective  coating  that  can  be  applied, 
and  the  paint  that  stands  so  well  on  one  structure  will 
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go  to  pieces  on  another,  simply  due  to  this  cause,  and 
it  should  not  be  blamed  for  its  quick  destruction.' 

"It  has  now  been  proven  that  it  is  impossible  to  make 
a  standard  paint  formula  that  will  suit  all  climatic  con- 
ditions, hence  to  obtain  the  best  results  the  paint  should 
be  made  to  order  to  suit  the  location,  time  of  year,  and 
the  character  of  the  work    .    .    . 

Spreading  Power. 

"On  a  surface  which  does  not  absorb  any  of  the  paint, 
you  can  approximate  the  average  thickness  of  a  coat  in 
the  following  manner: 

"The  liquid  standard  U.  S.  gallon  contains  231  cu.  in. 
and  if  one  gallon  of  paint  is  spread  over  a  smooth  metal 
surface  containing  231  sq.  ft.,  the  paint  will  average 
I -144  ins.  thick. 

"In  like  manner,  should  the  paint  be  spread  twice  as 
far  and  cover  462  sq.  ft.  to  the  gallon,  it  would  be  1-288 
in.  thick,  which  thickness  can  be  compared  to  the  thick- 
ness of  the  leaves  of  a  book  having  576  pages  to  the  inch. 

"There  is,  of  course,  a  limit  to  the  proper  spreading 
power  of  a  paint,  and  when  you  go  beyond  800  to  850 
sq.  ft.  per  gal.  you  are  doing  so  at  the  expense  of  dur- 
ability, as  you  must  have  sufficient  percentage  of  pigment 
to  the  sq.  in.  of  surface  to  properly  protect  the  vehicle 
from  decay    .     .     . 

Priming  Coats  on  Metal. 
"The  most  important  fact  that  has  been  brought  out  by 
the  various  tests  is  that  poor  results  are  obtained  by 
using  a  graphite  or  carbon  pigment  paint  for  priming  or 
shop  coats,  and  it  is  now  generally  conceded  that  graphite 
or  carbon  are  stimulators  of  corrosion  when  used  next  to 
the  bare  metal,  but  when  used  as  finishing  coats  over  a 
selected  priming  coat  good  results  are  obtained.  The 
best  pigments  for  priming  coats  are  as  follows:  Red 
oxide,  and  metallic  brown  pigments  of  selected  grade, 
red  lead,  blue  lead,  and  magnetic  black  oxide. 
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"The  author  has  contended  for  years  that  a  hand- 
mixed  dry  red  lead  could  not  be  properly  mixed  and  ap- 
plied by  a  painter,  as  an  uneven  coating  would  be  given. 
In  some  places  too  much  pigment,  and  in  others  practi- 
cally no  pigment  at  all,  only  the  vehicle.  The  lead  com- 
panies have  now  apparently  recognized  this  fact  and 
recommend  the  use  of  a  paste  red  lead.  It  would  be  very 
much  better  if  they  took  one  step  further  and  recom- 
mended the  use  of  ready  mixed  red  lead  containing  about 
75  per  cent,  of  red  lead,  the  balance  selected  inert  pig- 
ments, and  the  vehicle  pure  linseed  oil  with  a  small  per- 
centage of  selected  drier.    .    .    . 

Vehicles. 

"There  is  quite  a  difference  in  opinion  as  to  whether  to 
the  oil  or  the  pigment  is  due  the  life  of  the  paint  In 
our  opinion  to  neither  one  can  be  given  the  entire  credit, 
but  the  life  or  the  durability  of  the  paint  is  due  to  the 
proper  combination  of  the  two.    ... 

"The  oil  vehicle  should  be  a  selected,  well  aged  linseed 
oil,  and  in  most  cases  greater  durability  is  obtained  by 
using  raw  linseed  oil  in  preference  to  boiled.    .    .    . 

"There  is  not  in  use  at  the  present  time  a  paint  vehicle 
that  will  permit  of  a  permanent  protective  painting  com- 
pound being  produced.  Linseed  oil  is  not  the  ideal  ve- 
hicle, but  nothing  better  as  yet  has  been  discovered,  for 
universal  painting  requirements,  but  for  some  locations 
other  oils,  such  as  Chinese  wood  oil  and  treated  fish  oils, 
can  be  used  to  advantage. 

The  Painting  of  Steel  Bridges. 
"The  question  of  durability  regarding  the  painting  of 
steel  bridges  is  not  so  much  a  question  of  season  as  it  is 
a  question  of  favorable  weather.  So  far  as  temperature 
is  concerned,  either  extreme  (hot  or  cold)  is  equally  det- 
rimental to  paint.  Extreme  heat  forces  paint  to  dry 
rapidly  and  therefore  unnaturally,  while  extreme  cold 
retards  the  drying  and  consequently  also  causes  unnatural 
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drying.  .  .  .  When  an  oil  paint  dries  naturally  it  ab- 
sorbs the  requisite  amount  of  oxygen,  but  if  forced  by 
extreme  heat,  or  by  the  addition  of  artificial  driers,  its 
durability  is  correspondingly  impaired. 

"When  it  becomes  necessary  to  scrape  away  or  sand- 
blast the  structure,  thus  exposing  the  bare  surface  of  the 
metal,  the  cleaned  surface  should  in  no  instance  be  left 
unprotected  over  night,  or  for  a  period  sufficiently  long 
to  absorb  moisture,  but  should  be  followed  up  immed- 
iately with  painting. 

"To  find  the  amount  required  to  paint  the  structural 
iron  of  a  bridge  or  building,  take  the  estimated  weight, 
for  instance,  of  the  framework  of  a  building  of  450,000 
lbs.  of  an  average  thickness  of  5/16  in.  A  square  foot 
of  5/16  in.  iron  weighs  12.75  ^bs.  Divide  the  total  weight, 
450,000  by  12.75,  equals  35,300  sq.  ft.  one  side.  As  both 
sides  are  to  be  painted,  double  this,  making  70,600  and 
add  5  per  cent,  to  cover  top  and  bottom,  equals  about 
74,000  sq.  ft. 

Painting  Steel  Imbedded  in  Concrete, 
"For  some  years  it  has  been  the  opinion  of  civil  en- 
gineers that  structural  steel  imbedded  in  concrete  should 
not  be  painted ;  they  being  of  the  impression  that  the  con- 
crete is  a  protection  against  corrosion.  Within  a  recent 
period,  however,  it  has  become  a  recognized  scientific 
fact  that  structural  steel  imbedded  in  concrete  should  be 
protected  with  a  paint  coating,  because  in  many  cases 
it  has  been  found  that  corrosion  set  in  on  the  steel,  and 
the  concrete  was  forced  away  from  the  steel  by  rust, 
thereby  causing  cracking  and  destroying  the  strength  of 
the  bond  between  the  concrete  and  the  steel.  It  is  also  a 
well  known  fact  that  the  lime  contained  in  concrete  will 
quickly  destroy  linseed  oil  paints.  It  is,  therefore, 
recommended  that  steel  which  is  to  be  encased  with  con- 
crete should  first  have  a  priming  coat  applied  to  the  bare 
metal  of  a  high  grade  linseed  oil  oxide  of  iron  paint,  and 
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over  this  should  be  applied  at  least  one,  or  preferably 
two,  coats  of  a  paint  specially  made  for  coming  into  con- 
tact with  concrete,  which  paint  should  not  contain  any 
linseed  oil.    The  up-to-date  steel  engineer  is  now  speci- 
fying the  use  of  such  a  combination*" 
The  references  in  the  first  part  of  Mr.  Cheeseman's  article, 
to  experiments  conducted  under  the  auspices  of  various  as- 
sociations, refer  no  doubt  in  part  to  the  paint  tests  conducted 
at  Havre  de  Grace  on  the  Pennsylvania  Railroad  bridge  span- 
ning the  Susquehanna  River,  and  to  the  tests  of  single  pig- 
ments on  the  steel  test  panel  fence  at  Atlantic  City.    Detailed 
reports  of  the  committees  conducting  these  tests  will  be  found 
in   the  Proceedings  of   the  American   Society   for   Testing 
Materials,  from  1909  to  date. 

The  society  has  also  published  in  one  volume  the  "Reports 
of  the  Committee  on  Preservative  Coatings  for  Structural 
Materials,  1903  to  1913,"  in  which  will  be  found  a  great  quan- 
tity of  data  on  paints  of  all  descriptions. 

The  results  of  the  Havre  de  Grace  tests  are  very  confusing, 
and  it  is  doubtful  whether  they  are  valuable  to  any  but  the 
manufacturers  themselves,  who  know  definitely  of  what  the 
various  paints  aVe  compounded.  One  fact,  however,  seems 
to  be  established  by  the  tests  and  that  is  that  paints,  the  pig- 
ments of  which  are  largely  composed  of  red  lead,  wear  better 
during  a  practical  test  of  this  nature  than  any  of  the  other 
paints  submitted.  £ven  this  statement  must  be  qualified  to 
the  extent  of  saying  that  the  manner  of  compounding  these 
paints  is  unknown,  and  the  nature  of  the  other  substances  in- 
corporated with  the  red  lead  has  not  in  all  cases  been  made 
clear. 

The  conclusions  drawn  from  these  experiments  must  be 
that  it  is  practically  impossible  to  derive  any  information  of 
value  for  general  use  from  exposure  tests  made  with  com- 
mercial  mixed  paints,  the  formulae  for  which  are  not  avail- 
able. 

The  Atlantic  City  steel  panel  experiments  were  undertaken 
in  order  to  check  laboratory  data  which  tended  to  indicate 
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the  sub-division  of  pigments  into  classes  based  upon  their 
value  as  preventers  of  corrosion.  Some  of  the  results  seem 
to  bear  out  the  laboratory  findings,  and  it  is  probable  that 
paint  tests  in  the  inmiediate  future  will  be  confined  to  experi- 
ments with  single  pigments  or  paint  compounds,  the  constitu- 
ents of  which  are  known  to  the  experimenters.  It  is  to  be 
hoped  that  valuable  data  will,  in  the  course  of  time,  be  forA- 
coming  as  a  result  of  the  vast  amount  of  work  done  by  those 
conducting  these  various  experiments.  In  die  meantime,  it 
seems  we  are  left  to  our  own  resources  in  selecting  paints  for 
holder  coatings,  but  it  seems  safe  to  say  that  those  of  us  who 
are  using  a  red  lead  priming  coat  and  either  iron  oxide,  red 
lead,  or  carbon  paints,  for  a  finishing  coat,  are  at  least  on  the 
conservative  side. 

It  is  also  probably  safe  to  say  that  the  vehicle  of  all  paints, 
both  priming  and  finishing  coats,  should  be  of  pure  linseed 
oil,  with  the  exception  of  paints  to  be  submerged.  A  number 
of  proprietary  articles  are  offered  as  substitutes  for  red  lead 
or  oxide,  as  a  priming  coat  for  steel,  and  several  of  them  are 
doing  very  well  under  exposure  tests,  but  the  length  of  time 
to  which  they  have  been  exposed,  under  the  writer's  observa- 
tion, is  not  sufficient  to  warrant  an  opinion  at  this  time.  As  it 
is  probable  that  there  are  a  number  of  us  using,  and  will  con- 
tinue to  use  for  some  time  to  come,  red  lead  as  a  priming  coat, 
it  is  interesting  to  note  that  the  chief  difficulty  in  the  use  of 
red  lead  has  been  removed  within  the  past  year  or  two,  as  red 
lead  can  now  be  secured  ground  in  oil  containing  approxi- 
mately 97.8  per  cent,  of  pure  red  lead  and  which  will  not 
"set  up"  if  exposed  to  the  atmosphere  and  not  immediatdj 
used. 

In  the  work  by  Cushman  and  Gardner  referred  to  above,  a 
tabulation  is  given  showing  moisture  penetration  tests  of  paint 
films;  that  is,  the  power  of  various  paint  films  to  exclude 
moisture.  In  these  tests,  iron  oxide  stands  first;  white  lead, 
second ;  red  lead,  eighth ;  with  carbon  and  graphite  well  down 
the  list. 
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If  these  experiments  are  taken  to  be  at  all  conclusive,  which, 
by  the  way,  the  authors  do  not  claim,  it  will  be  of  interest  to 
those  of  us  who  have  been  using  an  iron  oxide  finishing  coat 
to  note  that  iron  oxide  is  classed  as  the  best  excluder  of 
moisture,  without  which  no  corrosion  can  take  place  in  any 
case. 

Tests  of  Paints. 

The  best  test  that  can  be  made  of  paints  destined  for  use  on 
exposed  structures  is,  of  course,  a  practical  test,  upon  a  por- 
tion of  such  structure.  Many  other  tests  are  resorted  to  in  an 
endeavor  to  hasten  the  porcess  of  nature,  but  I  do  not  think 
that  anyone  will  claim  that  valuable  results  are  derived  there- 
from. It  is  not  possible  to  even  determine  definitely  that 
samples  of  certain  paints  furnished  are  exactly  similar  to 
those  previously  examined.  It  is,  however,  a  wise  precaution 
to  send  samples  of  all  mixed  paints,  red  lead,  white  lead,  and 
linseed  oil  to  the  laboratory,  as  any  shortage  in  the  desired 
ingredients  in  the  pigment,  or  gross  adulteration  of  the  vehicle, 
or  the  use  of  driers,  detrimental  to  the  life  of  the  paint,  will 
be  determined,  and  will  be  sufficient  grounds  for  rejecting  the 
shipment. 

In  general,  it  can  be  safely  said  that  anyone  using  a  paint 
which  appears  to  be  fairly  uniform  in  composition,  and  which 
has  furnished  in  the  past  adequate  protection  to  the  structure 
on  which  it  was  applied,  should  continue  to  use  such  a  paint 
and  not  conduct  experiments  which  may  be  costly  and  embar- 
rassing. Assurance  should  be  had,  however,  that  the  manu- 
facturer furnishing  the  paint  is  reliable,  and  will  not  change 
its  composition  without  your  knowledge,  or,  in  other  words, 
will  not  experiment  at  your  expense.  Before  leaving  the  gen- 
eral subject  of  the  composition  of  paint,  it  might  be  of  interest 
to  note  the  following  analyses  of  paints,  which  have  been  used 
to  the  writer's  knowledge  during  5  or  6  years,  all  of  which 
have  given  good  service.  The  wide  variation  shown  in  the 
composition  of  these  paints  bears  out  the  statement  that  we 
have  still  much  to  add  to  our  knowledge  of  paint  products. 
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Red  Hou)£r  Paint  No.  i. 
Analysis  of  Pigment 

Calcium  carbonate   65.79 

Iron  oxide,  Fe»Ot  22.90 

Silica,  SiOa  440 

Loss  on  ignition  4.46 

Undetermined   245 


loaoo 
Analysis  of  Vehicle, 
The  vehicle  consists  of  linseed  oil,  containing  24.83 
per  cent  of  mineral  oil.  There  is  present  also  some  organic 
dye  which  prevents  the  determination  of  the  constants  of 
the  linseed  oil,  by  imparting  a  reddish  color  to  the  oil. 
The  dye  was  extracted  with  alcohol  and  the  extract  used 
to  color  the  annexed  piece  of  cotton  cloth.  This  dye  is 
not  soluble  in  water,  and  if  the  paint  were  exposed  to  the 
rain,  the  color  caused  by  the  dye  would  not  probably  be 
washed  out. 

Red  Holder  Paint  No.  2. 
Analysis  of  Pigment. 

Percent 

Alumina,  AUOs   1.90 

Calcium  oxide  CaO  1.14 

Iron  sesquioxide,  FesO«  63.74 

Magnesium  oxide,  MgO   a77 

Silica,  SiOa  19.62 

Sulphur  trioxide,  SOt  0.43 

Loss  on  ignition  4.88 

Undetermined   7.52 


loaoo 
This  pigment  is  probably  a  variety  of  natural  bright 
red  oxide. 

Analysis  of  Vehicle, 

Percent 

Acid  number    4.12 

Iodine  number  i65-3 

Hexabromides    28.18 

Saponification  number  190.JS 

Specific  gravity  at  15.5**  C a94i 

This  vehicle  is  linseed  oil. 
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R^  Holder  Paint  No.  3. 
Analysis  of  Pigment, 

Per  cent. 

Alumina,  AUOt  4.20 

Calcium  sulphate,  CaS04 31.16 

Iron  oxide,  FcOt  31.02 

Silica,   SiOa    12.28 

Oi^^anic  matter  and  water— by  difference 31,34 

100.00 
Analysis  of  Vehicle, 

Acidity   1.24 

Hexabromides 53.3 

Iodine  number 165.7 

Saponification  number   1974 

Specific  gravity  at  15.5**  C 0.9365 

This  is  a  good  sample  of  linseed  oil;  does  not  contain 
any  turpentine,  rosin  oil,  or  fish  oil 

Rso  OxiDfi  Paint  No.  4. 
Analysis  of  Pigment. 

Per  cent. 

Alumina  3.50 

Calcium    1.07 

Iron  oxide  92.00 

Silica    0.82 

Loss  on  ignition  2.55 

99.94 

Pigment  57-66 

Vehicle  43-34 

Specific  gravity  of  vehicle  at  60"* 0.9450 

Green  Holder  Paint  No.  i. 
Analysis  of  Pigment. 

Per  cent. 

Soluble  alumina,  AUOt  2.94 

Barium  sulphate,  BaSOi  40.62 

Calcium  sulphate,  CaSOi  18.55 

Combined  water,  HaO   2.68 

Insoluble  silica,  SiOs,  and  alumina,  AUOs  (day)..  11.98 

Lead  chromate,  PbCrOi  949 

Prussian  blue,  Fe7(CN)M  1345 

Undetermined   0.29 

52 
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Analysis  of  Vehicle. 

Add  number   5^ 

Iodine  number  162^ 

Linseed  oil  88.54 

Rosin  oil  Present 

Saponification  ntmiber  198.7 

Turpentine  ii«46 

Uns24>onifiable  number  2.16 

Specific  gravity   09246 

Gbssn  Hou)fiR  Paint  No.  2. 
Analysis  of  Dry  Pigment 

PeroenL 

Alumina  '. 1.94 

Calcium  carbonate  U2 

Chromic  oxide  43^ 

Ferric  oxide  1.78 

Insoluble  matter  8w70 

Lead  chromate  4043 

Moisttu-e    1.04 

Nickel  oxide  and  magnesia Trace 

Zinc  oxide  0J73 

Pigment   63.57 

Vehicle    36.43 

loaoo 
Specific  gravity  of  vehicle  at  6o*  F. a9532 

Application  of  Paint. 
The  most  important  item  to  be  considered  in  applying  pre- 
servative coatings  to  metal  is  to  have  the  surface  thoroughly 
cleaned  (which  has  been  covered  in  the  foregoing  paragraphs) 
and  free  from  moisture.  Second  in  importance  only  to  this, 
is  to  have  the  paint  film  of  sufHcient  thickness  to  assure  a 
good  wearing  body,  and  not  sufficiently  thick  to  cause  crink- 
ling, creeping,  or  cracking.  This  latter  result  can  only  be 
accomplished  by  the  employment  of  experienced  painters, 
under  competent  direction.  No  painting  should,  of  course, 
be  done  in  damp  or  freezing  weather,  nor  late  in  the  day  or 
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early  in  the  morning,  especially  in  the  spring  and  fall,  when 
marked  changes  of  temperature  and  atmospheric  conditions 
take  place  at  this  time  of  the  day. 

There  is  but  one  way,  of  course,  in  which  to  apply  the  paint 
to  the  guide  frame,  and  that  is  from  swinging  scaffolds.  The 
tjrpe  of  scaffold  it  seems  wise  to  adopt  is  one  having  a  guard 
rail  completely  enclosing  and  protecting  the  men  working 
thereon.  Such  a  guard  rail  is  easily  applied  to  the  ordinary 
painting  scaffold.  There  has  been  a  question  raised  whether 
some  type  of  safety  block  should  be  used  in  connection  with 
painters'  scaffolds.  Many  such  blocks  are  on  the  market, 
some  of  which  are  released  by  shifting  the  position  of  the 
fall  from  a  spiral  groove  on  one  side  of  the  sheave  to  the 
regular  groove  on  the  other  side  of  the  sheave;  others  arc 
made  to  be  released  only  by  tension  on  a  partictilar  line 
attached  to  the  upper  block.  Many  engineers  are  opposed  to 
the  use  of  any  of  these  types  of  blocks,  owing  to  their  fear 
that  the  strands  of  rope  may  be  damaged  by  the  retaining 
mechanism.  It  would  be  well  for  all  interested  to  look  care- 
fully into  this  matter,  as  improvements  are  constantly  being 
made  in  such  safety  devices. 

There  are  two  methods  of  painting  the  sections  of  a  holder, 
both  of  which  haye  been  used  extensively,  and  have  their 
strong  adherents : 

One  of  these  method  is  to  keep  the  holder  at  its  normal 
duty  and  paint  the  entire  surface  of  sections  from  swinging 
scaffolds. 

The  other  method  is  to  lower  the  holder  until  the  upper 
sheets  of  the  inner  section  are  accessible  from  the  tank  walk, 
applying  the  paint  as  the  holder  rises.  An  objection  to  this 
method,  although  cheaper  than  the  former,  is  raised  that  there 
is  danger  of  paii\ting  the  sheets  before  they  are  thoroughly 
dry.  This  objection  is  overcome  by  one  of  the  larger  com- 
panies by  mounting  the  painters  on  trestles  installed  on  the 
tank  walk,  thus  allowing  them  to  paint  several  sheets  above 
those  emerging  from  the  water,  and  giving  more  time  for 
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the  drying  of  the  sheets  below,  before  it  is  necessary  to  paint 
them. 

On  holders  of  more  than  one  section,  there  is  difficulty  in 
installing  such  trestles,  due  to  the  uneven  surface  presented 
by  the  various  grip  channels  or  grip  galleries  of  the  sections 
when  landed.  This  is  compensated  for  by  the  use  of  horses, 
two  legs  of  which  are  made  adjustable,  and  rest  upon  the  grip 
channel  or  gallery  of  the  innermost  section  landed. 

There  would  seem  no  question  about  the  econ(Hny  of  diis 
method  of  painting,  and  it  can  be  easily  adopted  in  the  case 
of  smaller  holders,  and  in  many  cases  of  the  larger  ones,  where 
the  holder  capacity  is  sufficient  to  allow  of  this  temporary  cur- 
tailment of  stock  on  hand. 

The  organization  of  a  painting  gang  should  comprise  the 
supervision  by  a  foreman,  or  sub-foreman,  of  every  ten  paint- 
ers. These  can  be  conveniently  divided  when  the  woric 
starts  into  a  scaffold  gang,  a  gang  for  cleaning  out,  scraping 
and  red  leading  cups,  and  a  gang  for  painting  carriages,  goose 
necks,  etc.,  and  places  so  difficult  of  access  as  to  cause  costly 
delay  to  the  main  gang.  Each  one  of  these  groups  should  be 
tmder  the  direction  of  a  foreman  or  sub- foreman  and  still 
another  competent  man  should  be  detailed  to  mixing,  prepar- 
ing, and  issuing  paint,  oil,  red  lead,  supplies,  brushes,  etc,  in 
order  that  the  foreman's  time  may  not  be  taken  from  the  main 
work  in  hand. 

In  painting  steel  tanks,  care  must  be  taken  that  such  painting 
is  not  done  at  a  time  of  the  year  when  the  air  is  warmer  than 
the  tank  water;  otherwise,  the  surface  of  the  plates  will  be 
damp,  and  the  paint  will  fail  to  adhere  to  the  metal,  requiring 
re-painting  in  a  very  short  time.  It  has  been  the  writer's  ob- 
servation that  in  this  climate  the  water  in  the  tank  does  not 
take  the  temperature  of  the  air  before  the  first  or  middle  of 
August,  after  which  time  tanks  can  be  painted  with  safety. 

The  brushes  that  have  been  found  the  most  convenient  for 
holder  work  of  all  descriptions  are  shown  in  Fig.  23.    All  are 
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trade  brushes  except  No.  4,  which  is  a  specially  made  brushy 
with  bristles  in  cylindrical  form  for  painting  narrow  and  deep 


Fig.  23.— Brushes  for  holder  painting.     Page  820. 
pockets  formed  by  overlapping  plates,  abutting  members,  etc. 
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Brushes  Used  For  Holder  PainHng. 

No.  I.  Long  Handle  Tar  Brush. — ^For  painting  caps 
and  pockets  in  frame  work  and  bottom  of 
carriages. 

No.  2.  3  Knot  Roof  Brush,  with  Handle. — ^For  pamt- 
ing  crown  of  holder. 

No.  J.  No.  22$  Round  Brush. — ^For  painting  frame 
work. 

No.  4.  154  in.  X  5  in.  Wire  Handle  Brush. — ^Use  de- 
scribed above. 

No.  5.  No.  6  Stencil  Brush. — For  stenciling  scale  on 
holder. 

No.  6.    No.  2  Painter's  Duster. 

No.  7.  5  in.  Wall  Brush. — ^For  painting  shell  and 
frame  work. 

No.  8.  ij4  in.  Brush,  Set  in  Rubber. — For  painting 
ends  of  lattice  bars  in  colvmm  supports,  etc 

No.  p.  3  in.  Brush,  Set  in  Rubber. — ^For  painting  car- 
riages and  wheels. 

Heating,  Steam. 

The  writer  is  advised  that  in  certain  parts  of  Europe,  where 
the  temperature  ranges  are  as  low  as,  or  lower  than  here,  no 
effort  whatsoever  is  made  to  prevent  water  seals  and  tanks  of 
holders  from  freezing,  and  no  damage  to  or  interruption  of 
service  of  holders  occurs.  However,  as  we  have  not  reached 
such  a  degree  of  temerity  rq^arding  the  care  of  our  holders, 
the  current  practice  regarding  the  warming  of  water  in  seals 
and  tanks  will  be  discussed. 

As  a  general  rule,  steam  piping  should  be  installed  upon  the 
holder  in  such  a  manner  that  ample  provision  is  made  for  ex- 
pansion and  contraction,  and  no  part  of  the  frame  work,  rail- 
ings, etc.,  is  touched  by  or  enclosed  in  the  pipe  covering. 

Main  Lines. 
There  are  two  general  methods  of  installing  the  main  steam 
lines  to  holders ;  one,  underground ;  and  the  other,  over  head 
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The  advocates  of  the  underground  system  claim  less  damage  to 
steam  covering  from  weather  conditions  in  general,  and  falling 
snow  in  particular,  and  the  more  sightly  appearance  of  the 
holder  structtu'es,  when  kept  free  from  horizontal  piping. 
There  is  «till  another  point  in  favor  of  the  tmdergrotmd  lines, 
if  laid  deep  enough  below  the  frost  line,  and  that  is,  the  free- 
dcMn  from  freezing  of  the  horizontal  lines,  due  to  slightly  leak- 
ing steam  valves,  when  the  lines  in  question  are  not  required 
and  are  presumably  shut  off. 

If  underground  lines  are  resorted  to,  the  following  method 
of  covering  them  has  given  good  service : 

First,  a  regular  magnesia,  asbestos,  or  air  cell  sectional  cov- 
ering, over  which  is  applied  a  wrapping  of  ^  in.  hairfelt, 
which  in  turn  is  protected  from  moiisture  by  builders'  paper, 
or  tar  paper,  the  whole  being  enclosed  in  canvas  covering,  with 
the  seam  on  the  bottom. 

Forms  are  then  constructed,  allowing  several  inches  of  space 
around  the  pipe  covering,  and  these  forms  filled  with  concrete. 
The  expansion  and  contraction  is  compensated  for  by  steam 
loops  or  bends,  which  are  not  covered,  and  are  enclosed  in 
brick  or  concrete  pits  with  waterproof  head  and  covered  with 
sawdust,  grotmd  asbestos,  or  any  other  insulating  material, 
which  will  allow  free  movement  of  the  bend.  The  pipe  will 
be  found  to  move  freely  inside  of  the  covering  without  de- 
stroying the  outer  concrete  envelope.  Where  possible,  the 
valves  controlling  such  underground  lines,  should  be  placed 
inside  the  wall  of  the  building  through  which  pipe  penetrates 
and  pitch  should  be  toward  such  building,  in  order  that  no 
provision  may  become  necessary  for  drains  and  steam  traps 
underground.  Where  such  method  of  draining  is  not  possible, 
however,  a  trap  receiver  and  steam  trap  can  be  located  con- 
veniently in  the  pipe  tunnel,  directly  under  the  valve  house 
floor.  As  condensation  will  be  heavy  during  the  cold  weather, 
regardless  of  the  position  of  the  steam  pipe,  whether  under- 
ground or  overhead,  trouble  has  been  experienced  with  valves, 
etc.,  of  steam  traps  which  are  subjected  to  such  constant 
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duty.  The  writer  has  used  a  trap  receiver  and  its  accompanj- 
ing  trap  as  shown  in  Fig.  24,  widi  very  good  results.  A  brief 
description  of  the  manner  in  which  this  installation  functions 
follows : 

The  combination  of  trap  and  receiver  was  devised  to  over- 
come the  constant  dumping  of  the  trap,  with  consequent  wear- 


Fig.  24.— Steam  trap  and  U^p  receiver.     Page  824. 

ing  of  its  working  parts  resulting  in  leaks  and  high  main- 
tenance charges. 

The  type  of  trap  shown  is  particularly  valuable  for  the  ser- 
vice owing  to  the  fact  that  its  working  conditions  may  be  de- 
termined at  any  time  by  a  casual  inspection,  even  by  an  inex- 
perienced workman.    It  has  been  found  that  the  substitution 
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of  soft  valve  discs  gives  better  results  than  the  hard  discs  as 
supplied  by  the  manufacturers. 

The  receiver  consists  of  a  piece  of  12  in.  standard  pipe, 
4  ft.  o  in.  long,  equipped  with  12  in.  extra  heavy  flanges.  It 
will  be  seen  that  the  drips  connect  into  a  manifold,  which  in 
turn  is  connected  to  the  receiver.  A  valve  is  installed  in  this 
line,  so  that  repairs,  etc.,  may  be  made  to  the  receiver.  The 
discharge  line  is  tapped  into  the  receiver  at  a  point  2  ft.  6  in. 
'  from  the  bottom.  By  connecting  the  pipe  at  this  point,  about 
65  per  cent,  of  the  volume  of  the  receiver  is  available  for 
storage  purposes,  and  the  remaining  35  per  cent,  gives  addi- 
tional capacity  to  the  receiver,  in  the  event  of  trouble  with  the 
trap,  or  in  case  large  quantities  of  condensation  have  to  be 
disposed  of  momentarily.  A  gauge  glass  is  installed  on  the 
receiver,  and  by  reference  to  the  glass  it  can  be  ascertained  if 
the  system  is  functioning  properly.  The  discharge  line  extends 
in  the  interior  of  the  receiver  to  a  point  within  J4  in.  of  the 
bottom. 

It  will  be  noted  that  a  %  in.  equalizing  pipe  connects  the 
discharge  line  to  the  receiver.  This  is  very  essential,  as  with- 
out this  pipe,  the  trap  will  dump  when  the  lower  end  of  dis- 
charge line  becomes  sealed  in  the  condensate. 

A  number  of  these  installations  are  giving  excellent  service. 

It  would  seem,  notwithstanding  the  arguments  of  advocates 
of  underground  steam  piping,  that  the  most  convenient  and 
economical  method  would  be  to  keep  steam  lines,  wherever 
possible,  overhead  and  accessible  at  any  and  all  times.  The 
writer's  practice  has  been  to  carry  the  main  feed  line  to  the 
holder,  inside  the  building  to  the  most  adjacent  point  to  the 
holder  to  be  supplied,  carrying  the  pipe  through  the  wall  of 
the  building  and  across  the  intervening  space,  supporting  it  by 
means  of  truss  rods  or  hangers,  if  necessary.  The  horizontal 
line  on  the  holder  is  hung  from  standards  and  diagonal  braces, 
leaving  all  parts  of  the  pipe  free,  to  take  up  the  expansion  and 
contraction.  The  method  of  covering  these  overhead  lines  is 
identical  with  that  described  for  underground  work,  up  to  the 
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point  where  the  concrete  is  applied  This  method  has  been 
found  to  give  adequate  protection,  and  very  little  damage  has 
occurred  from  falling  snow,  certainly  not  sufficient  to  warrant 
placing  the  lines  underground,  were  this  the  only  reason  for 
doing  so. 

In  applying  canvas  covering  on  lines  exposed  to  the  weather, 
care  should  be  taken  to  have  the  seams  formed  on  the  lower 
side  of  pipe.    This  is  not  as  convenient  a  place  to  work  as  on 
the  top  or  sides,  and  pipe  coverers  will  make  the  seams  in  the  ' 
latter  places  unless  carefully  supervised. 

Risers, 

There  are  also  two  distinct  methods  of  installing  the  risers 
supplying  the  various  cups. 

The  first  method  is  to  erect  a  single  riser  of  sufficient  size 
to  supply  all  the  cups,  reducing  this  in  size  as  the  various 
branches  for  cups  are  taken  off.  This  makes  a  very  neat  and 
inconspicuous  installation  and  is  cheaper  to  erect,  the  argument 
against  it  being  the  necessity  of  shutting  off  all  the  cups  above 
the  point  of  a  possible  break,  and  the  greatly  increased  danger 
of  syphoning  the  upper  cups  into  the  ones  below  in  the  case 
of  the  accidental  shutting  off  of  steam,  or  careless  handling 
of  the  valves  by  those  in  charge.  The  writer  very  much  pre- 
fers a  separate  riser  for  each  cup,  each  riser  covered  sep- 
arately in  the  manner  described  above.  The  controlling  mani- 
fold for  such  a  riser  system  which  has  given  satisfaction  is 
illustrated  in  Fig.  25.  The  suspender  rods  are  provided  to 
take  the  weight  of  the  riser  and  prevent  the  breaking  of  the 
horizontal  nipple  at  the  base,  and  provides  separate  adjust- 
ment for  each  riser. 

A  very  durable,  if  somewhat  high  first  cost,  method  of  cov- 
ering holder  steam  lines  has  been  adopted  by  one  of  the  neigh- 
boring companies,  and  consists  of  protecting  sectional  pipe 
covering  by  means  of  copper  or  glavanized  iron  sheathing, 
which  is  made  in  sections,  2  or  3  ft.  long,  and  secured  by 
longitudinal  flanges  connected  by  bolts,  the  laps  of  the  differ- 
ent sections  being  downward  in  the  case  of  vertical  pipes. 
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Steam  Hose. 
Of  late  years,  metallic  hose  has  been  used  extensively  as  a 
medium  for  conducting  steam  from  the  rigidly  secured  riser 
on  the  holder  frame  to  the  cups  of  moving  sections.    The  ad- 
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Fig*  25. — Arrangement  of  cup  risers.     Page  826. 

vantages  of  metallic  hose  over  rubber  would  seem  to  be  as 
follows : 

I.  Greater  strength. 
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2.  Consequently,  less  liability  of  freezing  or  syphoning 

cups  by  reason  of  broken  hose. 

3.  Less  loss  by  radiation.     Due  to  the  possibility  of 

more  effective  insulating  covering  being  applied 
to  metallic  hose,    without  it  becoming  unwieldy. 

4.  Less  rapid  deterioration. 

The  length  of  time  which  metallic  hose  will  last  is,  I  be- 
lieve, still  an  open  question,  as  that  purchased  within  the  last 
3  or  4  years  is  still  in  service  and  shows  no  signs  of  failure. 

The  disadvantages  of  metallic  hose,  as  compared  with  rub- 
ber, are  as  follows: 

1.  Greater  difficulty  in  repairing,  when  breaks  occur. 

2.  Greater  liability  of  its  injury  through  careless  hand- 

ling, such  as  crushing,  bending  too  short,  etc. 

3.  High  first  cost,  and  high  cost  of  maintenance. 

4.  Greater  weight. 

The  woven  covering  which  is  now  generally  applied  to  this 
t3rpe  of  hose,  requires  replacing  about  every  second  year,  the 
cost  of  which  is  about  equivalent  to  new  rubber  hose.  This 
latter  factor  makes  it  necessary  for  the  life  of  metallic  hose 
to  be  prolonged  over  a  considerable  period,  in  order  to  make 
it  more  profitable  to  use  than  rubber  hose.  It  would  seem  as 
if  the  probable  advantage  derived  from  the  use  of  metallic 
hose  up  to  date  is  the  increased  security  against  freezing  or 
syphoning  cups,  due  to  broken  or  disconnected  hose,  and  re- 
duced labor  account  for  repairing  constantly  breaking  rubber 
hose. 

Tank  and  Cup  Jets. 
After  a  number  of  seasons'  experiences  with  the  syphon 
type  of  jet,  the  writer  is  of  the  opinion  that  they  are  very 
much  more  economical  with  steam,  because  of  the  better  cir- 
culation of  the  water  than  with  the  plain  type  of  jet,  where 
live  steam  is  admitted  directly  to  the  water.  In  addition  to 
this,  they  are  practically  noiseless,  and  the  objectionable 
cracking  and  hammering  of  the  old  open  type  of  jet  is  largely 
eliminated  by  their  use.     The  syphon  jet  does  not  appear. 
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however,  to  have  the  same  range  of  adjustment  that  can  be 
made  with  the  plain  jet,  and  in  very  severe  weather  cups  re- 
quire close  watching  which  are  equipped  with  this  type  of 
jet.  In  the  case  of  tank  jets,  it  is  the  practice  of  some  en- 
gineers to  draw  the  cold  water  at  alternate  jets  from  the  bot- 
tom and  from  half  depth  of  the  tank,  discharging  at  half 
depth  from  jets  drawing  from  bottom,  and  at  surface  with 
jets  drawing  from  half  depth. 

During  the  past  winter,  it  was  the  writer's  observation  that 
considerable  difficulty  was  experienced,  due  to  the  necessity 
of  quickly  putting  into  service  additional  risers,  during  very 
severe  weather,  on  holders  which  were  equipped  entirely  with 
the  syphon  type  of  jet.  We  finally  resorted  to  the  expedient 
of  placing  a  live  steam  jet  in  conjunction  with  each  S3rphon 
jet,  and  when  the  temperature  dropped  below  zero,  we  turned 
on  these  additional  jets,  which  obviated,  to  a  large  measure, 
the  necessity  of  putting  extra  risers  into  commission. 

The  table  on  page  73,  which  is  largely  the  result  of  the 
writer's  experience,  may  be  of  interest.  The  boiler  horse- 
power given,  as  required  for  3,000,000  and  10,000,000  cu.  ft. 
holders,  is  an  average  figure,  there  being  times  when  the  re- 
quirements are  considerably  above  those  given,  and  also  con- 
siderably below  at  other  times.  The  figures  in  the  case  of  the 
3,000,000  cu.  ft.  holder  are  based  upon  measurements  with  a 
steam  flow  meter,  and  in  the  case  of  the  10,000,000  cu.  ft 
holder,  the  actual  evaporation  being  taken. 

Heating,  Hot  Water. 
Many  of  the  instances,  where  hot  water  is  used  for  the 
prevention  of  freezing  in  tanks  and  cups  of  gas  holders,  are 
in  situations  where  local  conditions  make  large  volumes  of 
hot  water  available,  and  in  fact  where  the  holder  tank  is  used 
as  a  cooling  meditun,  an  example  of  such  conditions  being 
where  hot  water  is  available  from  fresh  water  condensers. 
In  one  instance,  which  the  writer  has  in  mind,  the  condenser 
discharge  from  large  turbine  units  leads  to  a  5,000,000  cu.  ft 
holder  tank,  the  inlet  to  condensers  being  taken  from  the  bot- 
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Pig.  26.— Heater  installation  for  cup  heating.  Page  832. 
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torn  of  the  tank,  hot  water  being  supplied  in  sufficient  volume 
to  preclude  the  necessity  of  using  steam  on  the  holder,  except 
on  upper  cups  in  the  very  coldest  weather.  These  conditions, 
however,  will  not  be  found  frequently,  and  possibly  the  most 
common  instance  where  hot  water  can  be  economically  used, 
under  ordinary  operating  conditions,  is  that  of  isolated  steam 
driven  distributing  stations,  where  there  is  a  large  volume  of 
excess  exhaust  steam.  Such  an  installation  is  under  the 
charge  of  the  writer  and  has  worked  out  satisfactorily  so  far. 
The  installation  is  shown  in  Fig.  26  and  is  used  in  connection 
with  two  5,000,000  cu.  ft.,  5  section,  steel  tank  holders.  The 
total  engine  capacity  is  about  1,100  horse-power. 

The  question  of  economy  of  this  system  depends  entirely 
upon  local  conditions,  such  as  the  average  amount  of  exhaust 
steam  available,  the  distance  the  hot  water  must  be  moved, 
the  type  of  holders,  condition  of  cups  and  tanks,  as  to  the  pos- 
sibility of  good  circulation,  the  character  of  holder  water, 
(whether  clean  or  otherwise).    The  size  and  type  of  appara- 
tus, and  size  of  piping  used  in  the  instalaltion  follows  : 
1,000  horse-power  Open  Type  Heater. 
2  10  in.  by  6  in.  by  12  in.  Single  Acting  Pumps. 
8  in.  Back  Pressure  Valve. 
10  in.  Exhaust  Steam  Inlet. 
4  in.  Cold  Water  Inlet. 
4  in.  Hot  Water  Discharge. 

The  system  may  be  best  explained  by  referring  to  Fig.  26. 

Exhaust  steam  from  the  engines  passes  through  the  closed 
heater,  "A,"  which  was  already  in  use  at  time  of  installing 
open  heater.  From  here,  the  exhaust  steam  passes  out  and 
into  the  open  heater,  "B."  Provision  is  made  that,  if  neces- 
sary, the  closed  heater  may  be  by-passed  through  line  "C."  A 
back  pressure  valve,  "D,"  is  inserted  in  the  outboard  exhaust, 
which  is  set  to  operate  at  about  3  lbs.  back  pressure.  Open 
heater,  "B"  is  supplied  with  cold  water  from  line  **£,"  which 
syphons  its  supply  from  holder  tank,  as  shown.  The  cold 
water  from  the  holder  tank,  having  been  heated  by  the  ex- 
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haust  steam  in  the  heater,  "B,"  is  taken  by  the  pumps  through 
the  pump  suction  line,  "F,"  and  discharged  into  the  riser,  "G." 

It  will  be  noted  that  the  riser,  "G,"  is  taken  up  to  a  point 
above  the  highest  cup,  before  any  connections  are  made  to 
the  cup  syphons.  The  cup  connections  are  made  to  the  re- 
turn line,  as  shown  in  the  sketch.  The  object  of  this  double 
riser  is  to  provide  a  uniform  supply  of  water  to  all  cups,  as, 
if  a  single  riser  is  used,  the  lower  cups  will  rob  the  upper  ones, 
unless  the  valves  are  throttled  to  such  an  extent  that  they  are 
easily  obstructed  by  small  particles  of  foreign  matter  in  the 
water.  The  second  riser  terminates  in  the  tank  syphon,  which 
is  used  only  in  severe  weather,  as  it  has  been  found  that  the 
tank  water  receives  sufficient  heat  to  keep  it  from  freezing 
from  the  overflow  from  the  cups. 

If,  at  any  time,  sufficient  steam  is  not  available  to  maintain 
the  water  issuing  from  the  open  heater  at  a  temperature  of 
2IO  deg.,  high  pressure  steam  may  be  admitted  into  the  heater 
through  line,  "H."  The  cold  water  supply  line,  "E,"  should 
be  equipped  with  an  indicating  thermometer,  and  the  piunp 
discharge,  "G,"  should  have  a  pressure  gauge  and  recording 
thermometer.  The  ptunps  should  have  stroke  counters  and 
pump  regulators.  With  the  records  of  operation  obtained  by 
these  means,  reliable  data  may  be  had  of  the  operation  of  the 
system. 

From  the  available  data,  this  system  has  shown  a  marked 
economy  over  the  use  of  high  pressure  steam. 

Skimmers. 
It  does  not  seem  necessary  to  give  any  considerable  space  to 
the  question  of  skimmers,  as  their  operation  is  simple,  whether 
of  the  permanent  or  temporary  type,  and  well  understood  by  all 
of  us.  It  might  be  well,  however,  to  point  out  the  necessity  of 
keeping  the  surface  of  the  tank  water  as  free  from  oil  as  pos- 
sible, as  many  holders,  especially  of  the  older  type,  without 
dam  sheets,  are  apt  to  throw  oil  on  the  outer  surface  of  the 
tank  and  cup  water,  and  the  action  of  gas  condensate  upon 
paint  of  almost  any  description  is  extremely  destructive  and 
S3 
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one  of  the  contributing  factors  to  corrosion  of  cup  and  grip 
sheets  at  the  water  line. 

Snow  Cleaning. 

The  organization  of  a  force  necessary  to  keep  holders  cleared 
of  snow  is  a  matter  governed  largely  by  local  conditions.  The 
practice  in  a  ntunber  of  the  larger  companies  appears  to  be  as 
follows : 

The  responsibility  for  having  the  requisite  number  of  men 
on  hand  to  keep  the  holder,  or  holders,  at  any  given  station, 
free  from  snow,  is  imposed  upon  foremen,  generally  attached 
to  the  street  department  They  have  addresses  of  a  sufficient 
number  of  men  to  do  the  work  required  of  them.  When  the 
necessity  arises,  upon  the  starting  of  a  snow  storm,  these  sev- 
eral foremen  get  into  touch  with  the  superintendent  or  general 
foreman  by  telephone,  and  upon  being  instructed  that  shovel- 
ing will  in  all  likelihood  be  necessary,  they  gather  their  men 
and  proceed  at  once  to  the  locality  assigned  to  them,  whidi, 
of  course,  is  selected  as  being  in  the  immediate  neighborhood 
of  their  homes. 

It  is  customary  in  some  companies  to  pay  snow  shovders 
an  extra  rate  of  wages  for  this  work,  and  also  to  guarantee 
them  a  certain  nimiber  of  hours  pay  when  once  turned  oat 
It  is  also  well,  where  stations  are  located  at  remote  points, 
to  keep  a  supply  of  food  on  hand  with  facilities  for  properly 
preparing  it,  in  the  case  of  necessity,  as  men  cannot  work 
aloft  during  inclement  weather  without  being  properly  fed. 

It  is  also  customary  in  many  instances  to  keep  a  supply 
of  rubber  boots  on  hand  for  the  use  of  snow  shovders,  as  it 
is  also  a  difficult  matter  to  get  efficient  work  out  of  men  who 
are  cold  and  wet. 

Care  should  be  taken,  when  a  snow  gang  is  working  aloft, 
to  rope  off  or  guard  with  red  flags  or  lanterns,  the  danger  zone 
in  the  street  or  yard  into  which  snow  is  likdy  to  fall. 

It  is  also  well  to  so  regulate  the  handling  of  snow  as  to 
minimize  damage  to  adjoining  buildings,  steam  piping,  hose, 
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etc.,  as  this,  after  such  a  winter  as  we  have  just  experienced, 
runs  into  a  considerable  item  of  expense. 

Safety  lines  should  be  provided  on  all  holders,  whether 
equipped  with  guard  rails  or  otherwise.  These  safety  lines 
should  be  constantly  in  place  during  the  winter  season.  On 
the  majority  of  holders,  provision  will  be  found  at  the  apex 
of  the  crown,  either  in  the  form  of  a  perforated  plate,  or  eye 
bolts,  for  the  securing  of  safety  lines  for  men  on  the  crown. 

Design. 
The  following  suggestions  on  the  subject  of  design  are  con- 
tributed by  Mr.  Fred.  H.  Wagner : 

Holder. 

1.  The  metal  in  the  shells  and  crown  should  be  of  suffi- 

cient thickness  to  permit  of  making  all  joints  metal 
to  metal. 

2.  Friction  plates,  or  stiflfener  plates  on  the  outside  of 

the  shells  should  be  abandoned. 

3.  Cup  and  grip  sheets  should  be  of  sufficient  thickness 

to  present  a  formidable  body  against  the  attacks 
of  corrosion. 

4.  All  carriage  bases  should  be  so  arranged  that  water 

can  drain  off,  and  they  should  be  readily  accessible 
for  cleaning. 

5.  No  pockets  for  the  lodgement  of  dirt  should  be 

permitted. 

Guide  Frame. 

1.  All  members  should  be  built  up  with  the  least  number 

of  individual  pieces.  , 

2.  Lattice  work  should  be  abandoned  whenever  possible. 

3.  Cover  plates  should  not  be  used  on  either  standards 

or  girders,  and  if  used,  the  rivets  should  be  spaced 
close. 

4.  All  pockets  for  the  lodgement  of  dirt  should  be 

avoided. 

5.  All  parts  should  be  readily  accessible  for  cleaning 

and  painting. 
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'  Steel  Tank, 

1.  All  joints  should  be  properly  caulked  metal  to  metal 

to  prevent  the  admission  of  water. 

2.  All  rivet  heads  should  be  tight  to  prevent  wcq)ing. 

3.  No  pockets  should  be  permitted  between  the  standard 

support  and  tank  shell. 

Before  closing,  a  word  as  to  improvements  in  design  of 
recent  holders,  observed  by  the  writer,  may  be  of  interest 

In  speaking  of  the  different  features  of  design,  the  reader 
is  referred  to  Fig.  27^  which  shows  a  diagramatic  plan  of  the 
holder  frame  under  discussion,  having  three  sections  and  a 
capacity  of  2,000,000  cu.  ft. 

Standard  Supports. 

The  standard  supports  are  constructed  in  the  usual  manner, 
with  the  front  and  back  chords  and  struts  or  stiffeners,  formed 
of  angles,  the  solid  web  plate  projecting  through  the  front 
chord. 

The  standard  support  is  attached  to  the  tank  plates  by  means 
of  angles,  one  leg  of  which  is  attached  to  the  projection  of  the 
standard  support  web  plate,  and  the  other  ^eg  to  the  tank 
plates.  These  angles  are  of  lengths  somewhat  shorter  Aan 
the  depth  of  tank  plates,  and  are  attached  singly  on  alternate 
sides  of  the  web  plate,  there  being  one  angle  to  each  course  of 
tank  plates.  This  eliminates  the  water  and  dust  pockets  found 
so  objectionable  in  the  older  Z  bar  construction  shown  on 
Fig.  2,  and  also  allows  free  access  by  painters  to  all  surfaces 
exposed  to  the  atmosphere. 

Standards. 
The  standards  are  formed  of  I  beams  of  24  in.  in  depth  in 
the  lower  tiers  and  reducing  to  20  in.,  18  in.,  and  15  in.  on 
the  top  tiers.  The  method  of  forming  connections  where  the 
sizes  of  I  beams  reduce  is  to  cut  a  triangular  piece  from  web 
of  the  larger  size  beam  and  draw  in  the  back  flange  of  this 
beam  until  its  cross-section  corresponds  as  nearly  as  possible 
with  that  of  the  beam  in  the  tier  immediately  above.     The 
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«TWNT>mW1gaMDftBttt 
Fig.  27.— Gas  holder  frame  work.     Page  836. 
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ends  of  both  beams  are  faced  and  when  assembled,  forai  a 
close  joint,  the  weight  of  the  standards  above  being  borne 
directly  by  the  standard  in  the  tier  below,  no  weight  coming 
upon  the  riveted  connection.  This  condition  is  assured  by 
holes  for  connection  plate  in  upper  tier  of  standards  being 
ptmched  in  the  field,  thus  assuring  their  correct  position  after 
faced  ends  of  I  beam  standards  are  butted. 

The  guide  rails  are  formed  of  12  in.  I  beams,  riveted  to  the 
front  flange  of  the  I  beams  forming  the  standards,  the  rivets 
being  cotmter  sunk  on  the  front  face  of  guide  rail  to  accom- 
modate the  guide  rollers.  The  object  of  this  wide  I  beam,  in 
place  of  the  usual  guide  rail,  is  to  give  the  standards  lateral 
stability,  and  thus  obviate  the  necessity  for  the  horizontal  tie 
struts  seen  on  older  types  of  holders.  It  will  be  noticed  by 
referring  to  the  diagram  that  no  horizontal  tie  struts  are  used 
in  this  construction. 

Struts. 
Struts  are  formed  of  pairs  of  10  in.  channels,  spaced  6  in. 
back  to  back,  with  separators  formed  of  6  in.  channels.  At 
point  of  intersection  of  struts  with  standards,  the  structure  is 
stayed  laterally  by  means  of  triangular  plates,  one  edge  of 
which  is  secured  to  the  strut  channel  flanges,  and  one  edge 
being  secured  to  the  web  of  I  beam  forming  standard  by 
means  of  angles.  This  method  of  construction  eliminates  the 
complicated  angle  iron  lateral  braces  seen  in  the  older  type  of 
holder  and  very  much  simplifies  the  connection. 

Diagonal  Braces, 
Diagonal  braces  are  formed  of  eye  bars,  pin  connected  at 
their  points  of  intersection  with  struts  and  standards.  The 
connecting  pins  are  equipped  with  cast  steel  eccentric  rings. 
These  rings  are  adjusted  at  the  time  of  erection,  so  as  to  sub- 
ject each  of  the  diagonal  members  to  an  equal  strain.  After 
this  adjustment  has  been  made,  a  key  plate  is  inserted  in  a  key 
way  in  the  pin  and  secured  in  position  by  means  of  a  rivet 
through  the  web  of  the  strut  channel.    The  hole  for  this  rivet 
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is  punched  in  the  field,  after  the  adjustment  is  made  at  the 
time  of  assembling,  thus  assuring  the  adjustment  of  eccentric 
ring  being  properly  made  and  its  remaining  in  position  after- 
ward. The  diagonal  braces  are  not  connected  rigidly  at  their 
point  of  intersection  in  center  of  bays,  but  are  held  in  position 
by  means  of  a  stirrup  bolt 

Horizontal  Tie  Struts. 
As  has  been  noted  above,  the  horizontal  tie  struts,  with 
their  objectionable  latticing  or  batten  plates,  have  been  elim- 
inated entirely  by  the  use  of  12  in.  I  beams  on  front  chord  of 
standards,  in  place  of  the  usual  narrow  guide  rail. 

Caulking. 
The  edges  of  all  connecting  members,  etc.,  are  caulked  to 
prevent  the  entrance  of  moisture. 

Carriages. 
The  carriage  and  guide  wheels  of  this  holder  do  not  show 
as  marked  improvement  in  design  as  some  of  the  other  mem- 
bers, as  many  improvements  had  already  been  made  in 
carriage  design  in  holders  erected  just  prior  to  the  one  under 
discussion.  The  designs  show  the  carriages  to  be  compact 
with  no  inaccessible  surfaces  and  raised  well  off  the  sheets 
supporting  them,  in  order  to  insure  proper  draining.  All 
wheels  and  rollers  are  supplied  with  grease  cups. 

Hand  Rails. 

All  hand  rails  are  formed  of  solid  round  bars,  supports 
being  formed  of  angles  riveted  to  the  stairways,  grip  chan- 
nels, etc. 

On  another  1,250,000  cu.  ft.  3  lift  holder,  of  recent  con- 
struction, we  find  the  guide  frame .  free  from  lattice  work, 
cover  plates,  and  all  enclosed  sections,  water  pockets,  etc., 
horizontal  tie  struts  being  present  in  this  construction,  but 
with  batten  plates  used  in  place  of  lattice  bars. 

The  concrete  guard  wall  is  tied  to  the  tank  about  2  ft.  o  in. 
below  top  of  wall  by  a  3  in.  by  3  in.  by  5/16  in.  angle  cn- 
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circling  the  wall  with  rivets  4  in.  C.  to  C,  and  outer  leg 
punched  every  6  in.  to  take  hairpin  wire  for  bonding  into  con- 
crete. A  groove  2  in.  wide  and  4  in.  deep  was  left  at  top  of 
wall  and  afterwards  filled  with  160  deg.  pitch« 

Guide  wheels  have  double  web,  joining  flange  at  outer  edge 
with  bearing  surfaces  faced.  All  bearings  are  equipped  with 
grease  cups. 

All  goose  necks,  where  size  warrants,  have  hand  rails  and 
ladders. 

A  gutter  sheet  of  7  in.  by  ij4  in.  metal  is  provided  extend- 
ing above  top  curb  of  inner  lift  with  drains  to  throw  water 
clear  of  holder. 

Guard  rails  are  formed  of  i  in.  round  steel  and  steet  cable, 
no  pipe  or  pipe  fittings  being  used.  Railing  supports  are 
formed  of  angles. 

Cups  are  provided  with  adjustable  overflows  to  allow  of 
lowering  water  for  scaling  and  painting. 

Additional  ladders  and  platforms  are  installed  to  insure 
safety  of  those  having  to  reach  the  cup  heating  equipment. 

All  surfaces  of  g^ide  frame,  cups  and  grips,  where  con- 
cealed after  assembling,  were  sand  blasted  and  put  tc^ether 
with  coat  of  red  lead.  All  other  parts  of  guide  frame,  goose 
necks,  and  carriages  were  sandblasted  in  shop.  The  entire 
holder  and  tank  were  sandblasted  after  erection,  followed 
immediately  by  a  priming  coat  of  red  lead. 

The  writer  is  indebted  to  Messrs.  Howard  Bruce,  Herbert 
W.  Alrich,  Henry  L.  Underbill,  Jacob  W.  Stirzel,  and  A. 
H.  Strecker,  as  well  as  the  authors  of  the  several  publkations 
and  pamphlets  referred  to,  for  their  assistance  in  compiling 
this  article. 

(Due  to  lateness  of  hour,  abstract  of  paper  was  not  read.) 

The  Acting  Chairman:  We  will  now  enter  on  the  dis- 
cussion of  Mr.  Braine's  paper.    Is  there  any  discussion? 

Mr.  F.  G.  Thorn  (Philadelphia) :  The  question  of  selecting 
structural  materials  is  a  very  perplexing  one  to  the  engineer 
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of  to-day.  A  few  years  ago,  it  was  thought  a  happy  conclusion 
had  been  reached  in  the  application  of  steel  and  concrete,  and 
the  combination  of  the  two ;  but,  as  has  already  been  shown  in 
the  paper  just  presented  to  you,  we  have  not  yet  passed  the 
experimental  stage  in  solving  this  problem;  steps  have  been 
taken  in  the  right  direction,  but,  owing  to  the  desire  for  speed 
and  low  cost  of  production,  the  mark  has  been  overreached. 
There  seems  to  be  no  doubt  of  the  superiority  of  wrought 
plates  of  a  few  decades  ago  over  the  present  day  manufacture 
of  commercial  steel,  for  resistance  to  corrosion. 


Fig.  I.— This  holder  was  completed  in  1854;  the  two  upper 
sections  were  in  use  until  1898. 

Fig.  I  is  a  photo  of  a  holder  built  in  1854.  This  holder  gave 
way  at  the  cup  of  the  middle  lift  in  1870,  in  all  probability  due 
to  design,  as  it  still  never  worked  satisfactorily  after  replacing 
this  cup  10  years  later.  We  understand,  however,  that  the  two 
upper  sections  were  in  constant  operation  from  the  time  it  was 
built  until  1898,  when  the  entire  structure  was  rebuilt,  and  at 
which  time  the  metal  was  still  in  very  good  condition. 
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Some  of  the  manufacturers  of  steel  plates  are  now  trying 
to  put  out  a  product  equal  to  that  of  earlier  years,  but  it  re- 
mains to  be  seen  whether  the  old  conditions  can  be  reproduced 
by  new  methods.  Steel  plates  are  now  on  the  market  under 
different  trade  names,  which  will  analyze  from  98.75  per 
cent,  to  99.92  per  cent,  pure  iron,  the  higher  grades  of  which, 
according  to  the  electrol)rtic  theory,  should  give  very  good  re- 
sults ;  but  this  fact  must  be  borne  in  mind,  that  the  purer  the 


Fig.  2.— Showing  corrosion  spots  on  commercial  steel  plate  used  to 
replace  99.8  per  cent,  pure  iron  plate  (condemned).  Note  the 
railing  supports  of  open  hearth  steel.     Holder  built  in  191 2. 

iron,  the  stronger  its  affinity  for  oxygen,  with  the  result  that 
after  specifying  and  using  a  grade  of  metal  to  resist  electroly- 
sis, we  will  be  confronted  with  a  very  heavy  rust,  a  sample  of 
which  analyzed  ferrous  oxide  and  ferric  oxide.  It  is  therefore 
necessary,  in  order  to  protect  the  metal  of  whatever  grade  is 
used,  to  select  a  good  grade  of  paint,  and  see  that  the  metal  is 
thoroughly  covered  and  kept  covered.  The  adoption  of  the 
inspection  system  and  the  printed  forms  of  reports,  as  out- 
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lined  in  Mr.  Brainc's  paper,  would  doubtless  go  a  long  way 
toward  checking  corrosion  before  any  damage  could  be  done. 

Mr.  Braine  mentioned  a  holder  constructed  of  iron  analyzing 
99.8  per  cent,  pure  iron,  in  which  a  few  sheets  of  steel  were 
placed.  On  inspection  of  this  holder,  in  less  than  two  years 
after  it  was  completed,  it  was  found  that  one  of  the  steel  plates 
had  started  to  corrode  in  several  places  (Fig.  2),  but  no  spots 
could  be  found  on  any  of  the  other  sheets.  The  entire  holder 
had  been  sandblasted  after  erection  and  immediately  covered 


Pig.  3.— Holder  tank  plate  of  open  hearth  steel  with  portion  of 
concrete  wall  removed.    Holder  built  in  1902. 

with  priming  coat  of  red  lead  before  nightfall  on  each  day's 
work.  You  will  note  in  the  photograph,  the  bases  of  the  cup 
gallery  railings  are  also  corroded.  Numerous  spots  of  this 
kind  were  found  on  the  open  hearth  steel  used  for  other  parts 
of  the  holder. 

Referring  to  the  comments  on  corrosion  of  metal  backed  up 
with  concrete,  it  is  very  evident  frdm  the  cuts  shown  that  it 
is  impossible  to  keep  the  steel  and  concrete  in  intimate  contact 
as  already  stated.     Fig.  3  shows  a  similar  condition  found  on 
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a  holder  tank  built  in  1902  of  open  hearth  steel.  Although 
the  conditions  found  on  this  holder  are  very  similar  to  those 
already  described,  they  are  not  alarming.  The  pitting  of  the 
plate  seems  to  be  practically  all  above  the  chalk  line,  ♦.  e.,  from 
18  in.  to  20  in.  from  the  top  of  the  concrete;  the  irregularities 
shown  below  this  line  are  principally  cement  out  of  the  concrete, 
which  adhered  to  the  plate.  The  conclusions  to  be  drawn  from 
the  exhibits  are  that  the  line  where  the  pitting  stops  is  very 
close  to  a  line  where  a  nearly  uniform  temperature  throughout 


Fig.  4.— Holder  tank  plate  of  open  hearth  steel  with  portion  of  brick 
and  concrete  wall  removed.     Holder  built  in  1908. 

the  year  will  be  found.  The  movement  of  the  plates  above  the 
line,  due  to  expansion  arid  contraction,  has  torn  the  plate  away 
from  the  concrete,  thereby  allowing  water  to  enter  from  the 
top,  and  the  chemical  action  already  described  to  take  place, 
while  below  the  line,  no  movement  having  taken  place,  we  still 
find  the  adhesion  of  the  two  substances  and  necessarily  little 
or  no  corrosion.  On  two  other  holders  built  in  1908,  also  of 
open  hearth  steel,  the  tanks  were  constructed  with  brick  pro- 
tecting walls  backed  up  with  concrete  grouting  to  within  3  or 
4  in.  of  the  top,  and  then  filled  with  asphalt. 
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Fig.  4  shows  a  portion  of  this  wall  removed  from  one  of 
the  holders.  The  asphalt  has  very  effectively  protected  the 
metal  as  far  as  it  reached,  the  paint  back  of  it  being  in  as  good 
condition  as  when  put  in;  the  brick  walls,  however,  have 
absorbed  moisture,  increasing  in  amount  below  the  protection 
given  by  the  overhang  of  the  coping,  the  corrosion  increasing 
with  the  moisture.  The  lower  two  courses  of  brick  were  cut 
out  while  the  photographer  adjusted  his  camera  and  the 
moisture  back  of  these  bricks  shows  very  clearly  on  the  photo. 


Fig.  5. — Holder  tank  plates  of  open  hearth  steel  with  portion  of  brick 
and  concrete  wall  removed.  No  corrosion  where  concrete  was  in 
close  contact.    Holder  built  in  1908. 

Fig.  5  shows  a  portion  of  the  wall  removed  from  the  other 
holder.  In  this  case  the  asphalt  had  not  laid  up  quite  so  close 
to  the  tank,  but  a  portion  of  the  cement  grout  was  particu- 
larly close  and  compact,  as  can  be  noted  on  the  left.  The  light 
color  on  the  tank  is  the  original  priming  coat  of  red  lead. 

Since  examining  the  walls  sealed  with  asphalt,  it  has  been 
decided  to  inject  between  the  tanks  and  the  retaining  walls  a 
heavy  700-degree  oil  distilled  from  water  gas  tar  and  seal  the 
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top  with  160-dtgree  pitch.  The  use  of  pitch  in  place  of  asphalt 
has  been  tried,  and  it  was  found  instead  of  forming  a  hard 
substance  that  would  separate  from  the  steel  plate  in  cold 
weather,  it  lays  very  close  to  both  the  metal  and  concrete, 
winter  and  summer,  and  in  the  coldest  weather  is  soft  enough 
to  take  the  imprint  of  a  finger  nail. 

Experience  along  another  line,  which  demonstrates  the 
superiority  of  tar  products  over  concrete  for  preventing  cor- 
rosion, will  doubtless  be  of  interest  to  users  of  gas  holders. 
It  was  necessary  to  increase  the  pressure  of  several  holders 
equivalent  to  about  2  in.  of  water,  and  it  was  decided  to  dis- 
tribute the  additional  weight  over  as  much  of  the  crown  as 
possible.  A  circular  curb  angle  was  bolted  far  enough  bade 
from  the  edge  to  miss  the  guide  roller  brackets,  and  the  en- 
closed circle  weighted. 

In  the  first  case  (in  1905)  the  crown  was  sandblasted  and 
coated  with  red  lead,  after  which  a  reinforced  concrete  cover- 
ing, lyi  in.  thick,  was  put  on,  care  being  taken  to  thoroughly 
swab  the  crown  with  a  mixture  of  cement  and  water  just 
before  the  concrete  was  laid. 

During  the  following  year  another  holder  was  treated  the 
same  way ;  the  third  was  sandblasted,  red  leaded,  and  covered 
with  five  thicknesses  of  roofing  felt,  in  the  usual  manner  em- 
ployed for  pitch  roofs,  each  layer  laid  in  a  swabbed  coat  of 
hot  coal  gas  tar,  and  over  this  was  laid  a  sheet  of  mastic  asphalt 
ironed  into  a  compact  mass ;  the  fourth  and  fifth  holders  were 
treated  in  the  same  manner,  except  the  asphalt  was  put  on  in 
small  blocks  about  6  in.  square  and  ij4  in.  thick,  laid  in  hot 
asphalt. 

In  about  five  years  it  was  found  that  the  crown  of  the  first 
holder  was  so  badly  corroded  that  the  concrete  was  taken  off. 
The  second  holder  was  examined  in  several  places  and  found 
in  good  condition ;  after  a  lapse  of  six  months,  it  was  again  ex- 
amined, and  it  was  foimd  very  active  corrosion  was  taking 
place,  and  the  concrete  was  immediately  removed.  The  other 
three  crowns  have  been  examined  systematically  every  six 
months,  and  are  still  in  good  shape. 
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Mention  is  made  in  Mr.  Braine's  paper  of  trouble  arising 
from  outside  vertical  legs.  Very  serious  trouble  of  a  different 
character  was  experienced  on  a  holder  built  in  1902,  the  ver- 
tical legs  of  which  were  built  of  two  6-in.,  8-lb.  channels,  one 
inside  and  the  other  outside  of  the  holder,  with  the  flanges  of 
the  channels  placed  toward  the  shell  and  attached  thereto  by 
2j4-in.  angles  >4  in.  thick.  After  the  holder  had  been  in 
service  eight  or  nine  years,  it  was  found  that  the  outer  channels 
of  the  third  lift  were  rubbing  on  the  grips  of  the  outer  lift  when 
cupping  and  uncupping,  due  to  an  outward  bowing  of  the  ver- 
tical 1^^.  As  this  bowing  outward  increased,  the  friction 
caused  a  downward  thrust  on  the  vertical  legs  of  the  outer 
lift,  a  strain  they  were  never  intended  to  carry,  which  resulted 
in  buckling  the  outer  section  legs.  It  can  be  imagined  how  this 
holder  labored  from  the  condition  of  the  outer  section  chan- 
nels, as  they  were  not  only  bent  in  both  directions  radially,  but 
the  web  of  some  were  curved,  and  the  flanges  of  two  of  the 
channels  were  cracked,  also  the  j4-in.  connecting  bolts  were 
very  badly  cut.  It  was  not  desirable  to  purge  this  holder  to 
make  repairs,  and  the  work  as  described  was  done  with  gas  in 
the  holder. 

For  the  outer  section,  new  channels  of  the  same  size  as  the 
old,  and  4-in.,  9j4-lb.  I-beams  were  purchased  and  assembled 
in  the  shop,  the  I-beam  forming  a  fin  on  the  back  of  the 
channel  (Fig.  6).  The  old  channels  were  removed  one  at  a 
time,  and  replaced  as  shown,  after  reaming  out  the  connecting 
bolt  holes,  which  were  badly  out  of  shape,  to  fit  a  larger  bolt, 
^  in.  in  diameter. 

On  the  third  lift,  the  outer  legs  were  removed  one  at  a  time, 
and  while  one  set  of  men  replaced  the  connecting  angles,  for 
which  2j/^  by  2  °/i«-in.  angles  were  used,  another  set  of  men 
straightened  the  old  channels,  and  they  were  replaced  with 
heavier  bolts,  the  same  as  the  lower  section. 

Although  the  general  use  of  roofing  cement,  putty  and  other 
fillers  that  will  become  hard  and  crack,  is  not  advisable,  there 
are  times  and  places  where  it  is  necessary  to  use  a  filler;  the 
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following  have  been  found  satisfactory  and  non-corrosive. 
Where  corrosion  has  taken  place  under  outside  stiffeners  to 
the  extent  of  causing  small  leaks  or  in  case  of  leaks  in  shell 
plate  joints  that  cannot  be  caulked,  mix  with  one  part  linseed 
oil  and  three  parts  glycerine,  sufficient  litharge  to  form  a  paste 
(this  should  be  mixed  in  small  quantities  on  a  tin  plate,  sheet 
of  glass  or  other  non-absorbing  substance),  remove  all  rust  or 
dirt  and  use  the  same  as  putty.  If  openings  are  large,  absorb- 
ent cotton,  dipped  in  a  more  liquid  mixture  of  the  above  can 


Fig.  6. — Outside  vertical  leg  of  holder  reinforced  to  remove  buckling. 

be  packed  in.  This  mixture  will  stand  the  action  of  gas  and 
remain  elastic. 

For  inaccessible  places  not  in  contact  with  gas,  there  is  a 
material  known  as  mirror  stone,  which  when  mixed  with  a  little 
plaster  of  paris  and  whiting,  will  make  an  elastic  cement. 

Last  year,  repairs  were  made  to  a  holder,  without  purging, 
that  are  worthy  of  mention.  The  bottom  section  of  a  relief 
holder,  140  ft.  in  diameter,  became  badly  buckled  from  landing 
on  an  accumulation  of  breeze  and  heavy  tar  in  the  bottom  of 
the  pit.     The  buckling  extended  from  the  sixth  sheet  from  the 
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bottom  curb  angle;  the  force  was  applied  by  block  and  fall; 
the  fourth  sheet  from  the  bottom  where  an  inner  leg  occurred ; 
this  leg  was  broken  in  half  and  the  steel  caved  in  3  ft.  from  its 
original  position.  The  bottom  curb  was  twisted  in  every 
direction  for  a  distance  of  12  ft.  either  side  of  the  inner  leg,  in 
one  place  12  in.  inside  the  circle,  and  at  another  10  in.  outside. 
The  method  adopted  to  straighten  out  these  buckles  was 
simply  a  matter  of  push  and  pull.  A  series  of  holes  were  cut 
on  either  side  of  the  inner  leg  at  intervals  of  30  in. ;  at  each  set 
of  holes  a  wire  cable  was  fished  through,  each  end  of  which 
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Pig-  7.— Three  types  of  holder  guide  frames,  1870,  1902  and  1912-13. 

was  attached  to  a  screw  hook  bolt  that  passed  through  a  yoke 
placed  back  of  the  I-beam  roller  guide.  By  screwing  up  these 
bolts  and  putting  pressure  at  necessary  points  to  get  the  proper 
opposing  force,  the  shell  was  forced  back  toward  its  original 
shape;  pressure  was  also  applied  to  the  high  points  of  the 
bottom  curb  by  a  series  of  levers  tied  to  the  holder  curb ;  these 
levers  were  constructed,  like  a  bell  crank,  of  railroad  iron  with 
heavy  timber  between  the  resistance  end  of  lever  and  the 
bottom  curb  angle;  the  force  was  applied  by  block  and  fall, 
all  forces  were  applied  as  near  simultaneously  as  possible,  with 
54 
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the  result  that  the  steel  was  freed  of  all  buckles  measuring 
over  a  few  inches.  A  9-in.  ship  channel  was  attached  on  the 
outside  to  reinforce  the  broken  leg,  using  hook  and  tap  bohs 
as  conditions  dictated. 

Following  the  text  of  the  paper  under  the  heading  *'Fatilt5 
in  Design,"  Fig.  7  is  a  view  of  three  holders,  built  at  diflfercnt 
periods,  and  which  show  the  evolution  from  the  old  cast  iron 
column  guide  frame,  which  was  afterward  extended  to  ac- 
commodate another  lift,  to  the  solid  member  guide  frame  shown 
on  the  right.  This  last  design  has  eliminated  practically  all 
the  objectionable  features  mentioned  under  this  heading. 

"Faults  in  Construction"  bear  such  close  relationship  to 
"Faults  in  Design,"  that  a  word  on  this  subject  will  not  be 
amiss  at  this  time. 

Foundations:  This  part  of  the  work,  always  put  out  of 
sight  and  generally  done  before  any  very  active  interest  is 
manifested  in  the  operation,  has  received  the  most  abuse  and 
often  the  least  expert  supervision  of  any  class  of  work  known. 
It  should  always  be  remembered  that  the  parts  of  the  work  that 
are  covered  up  are  the  least  accessible  for  repairs,  and  the  best 
attention  should  be  given  in  the  making.  See  that  all  founda- 
tions are  brought  to  a  true  level,  and  keep  all  work  level  to  the 
finish.  The  holder  tank  bottom  should  be  tested  before  lower- 
ing on  the  foundation.  Establish  the  center  of  the  holder  per- 
manently at  the  start  in  such  a  way  as  to  be  able  to  use  it  until 
the  work  is  finished. 

Inspect  all  materials  as  soon  as  received;  material  con- 
demned when  needed  for  erection,  causes  unnecessary  delay. 

Particular  care  should  be  taken  to  check  up  the  radius  of 
all  sections  and  to  see  that  each  is  of  proper  radius  and  the 
same  radius  throughout.  See  that  bottom  curb  and  cup  chan- 
nels rest  properly  on  landing  blocks. 

Look  out  for  buckles ;  members  that  are  not  cut  and  punched 
true  enough  to  go  into  place  without  excessive  strain,  will 
sooner  or  later  cause  a  buckle,  which,  if  pulled  out,  cause  other 
undue  strains  with  a  like  result. 
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Cups  and  grips  should  receive  special  attention  and  check- 
ing for  clearances,  and  the  cups  tested  for  leaks.  Inner  legs 
must  be  vertical  and  straight,  and  inside  rollers  perfectly  ad- 
justed and  thoroughly  secured  in  place.  Guide  columns 
should  be  checked  with  an  engineer's  transit  both  radially  and 
tangentially.  Outside  guide  rollers  must  be  in  perfect  ad- 
justment and  roller  bracket  braces  taut.  Lubricating  devices 
for  outside  rollers  must  be  accessible  and  free  from  fouling 
other  parts.  Valves  should  be  tested  before  putting  in  place 
and  connecting  pipes  thoroughly  tested  before  covering.  .Ex- 
amine all  castings  for  skimmers,  overflows,  bonnets,  manholes, 
etc.,  and  see  that  they  are  all  free  from  flaws  and  defects,  and 
that  finished  surfaces  are  true;  pay  particular  attention  to 
plugs,  caps,  bolts,  etc.,  that  enter  castings,  to  see  that  they  are 
in  place  and  tight. 

When  assembling  parts  to  rivet  together,  all  holes  should 
line  when  two  drift  pins  are  inserted;  do  not  allow  excessive 
use  of  drifts.  Burrs  on  punched  holes  should  be  ground  off 
before  leaving  shop.  Examine  all  rivets  and  bolts;  bolts  in 
inaccessible  places  should  have  lock  nuts.  Examine  inside 
all  cups  and  under  cup  channels  and  bottom  curb  for  stray 
tools,  rivets,  bolts,  etc.,  and  remove  all  loose  lumber  from  inside 
tank  before  water  is  put  in. 

With  all  these  suggestions,  there  is  one  "don't."  Don't  be 
alarmed  when  you  find  the  inspector  is  the  most  unpopular 
man  on  the  job. 

Under  purging  holders,  Mr.  Braine  says,  "Remove  as  much 
oil  as  possible  from  the  surface  of  tank  water  by  means  of 
skimmers."  It  is  important  to  bear  in  mind  that  a  small 
quantity  of  oil  and  whatever  emulsion  is  there,  also  carrying 
oil,  cannot  be  gotten  rid  of  by  use  of  skimmers.  The  presence 
of  this  oil  is  a  factor  that  has  to  be  reckoned  with  in  purging, 
and  several  steam  jets  should  be  placed  in  the  crown,  not  only 
to  circulate  the  air  but  to  evaporate  as  much  of  this  oil  as  pos- 
sible. It  is  readily  seen  that  with  these  conditions,  calculations 
by  volume  are  not  reliable  to  establish  the  limits  of  explosive 
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Fig.  9.  —Installation  of  steam  jet  blowers  for  purging  holder. 
Capacity  60,000  cu.  ft.  per  hour. 
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mixture,  and  the  safest  method  is  to  have  a  chemist  on  the 
ground  to  make  actual  tests  of  the  mixture  at  inter\'als  of  as 
short  duration  as  possible. 


Pig.  II. — Suggested  design  for  cup  skimmer. 

A  method  of  purging  used  by  some  engineers  has  certain 
safety  features  which  warrant  its  consideration. 
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This  method  is  best  described  by  reference  to  Fig.  8  and  a 
description  of  the  apparatus  needed  is  as  follows : 

A  steam  jet  blower  of  suitable  size,  equipped  with  a  gate 
valve  the  full  size  of  the  outlet  end,  is  attached  to  the  crown 
of  the  holder;  the  air  inlet  end  of  the  blower  is  covered  with  a 


Fig.  12.— Holder  showing  paint  stained  with  emulsion. 

double  wire  gauze  hood,  of  copper  wire  34  meshes  to  the  inch. 

Two  semi-circular  pieces  of  pipe  are  placed  on  the  crown 

about  midway  between  the  curb  and  the  center;  from  these 

pipes  several  connections  are  made  with  flange  and  bushing 
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F*g-  '3- — Valve  and  boiler  house  in  1898. 


Fig.  I4.--View  of  valve  and  boiler  house  in  1903, 
as  Fig.  10. 


location 
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through  the  crown  of  the  holder,  and  each  connection  is 
equipped  with  a  J^-in.  nipple  jet.  These  jets  are  so  set  as  to 
create  a  circulation,  to  more  thoroughly  mix  the  gas  and  air, 
and  are  afterward  used  to  evaporate  any  oil  remaining  in  the 
holder. 

Flexible  steam  connections  are  made  to  the  jet  blower  and 


Pig-  15* — Holder  station  as  seen  from  a  railroad  in  1898. 

the  circulating  jets  in  such  a  manner  as  to  supply  steam  to 
them  during  inflation  to  the  entire  height  of  the  holder. 

Diametrically  opposite  to  the  steam  jet  blower,  a  connection 
is  made  for  discharging  the  gas  to  the  seal  box.  This  connec- 
tion should  have  a  gate  valve  as  close  to  the  crown  as  possible, 
and  swing  joints,  to  allow  the  holder  to  be  slightly  raised  (not 
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over  3  ft.).  A  seal  box  separated  into  two  compartments  by  a 
dip  sheet  and  equipped  with  a  surge  plate,  water  gauge,  water 
inlet  and  seal  overflow,  so  arranged  as  to  carry  i-in.  water  seal, 
will  prevent  any  possible  explosion  being  carried  back  through 
the  outlet  pipe. 

A  blower  with  a  mixing  chamber  on  the  outlet  is  connected 
to  a  canvas  stack  of  sufficient  height  to  discharge  the  final  non- 
explosive  mixture  above  the  heads  of  the  operators.  The  inlet 
of  the  blower  is  covered  with  a  wire  gauze  and  supplied  with 


Fig.  i6. — The  same  holder  station  in  1914  as  shown  in  Fig.  15. 

a  steam  jet  to  saturate  the  air  as  a  precaution  against  friction 
sparks.  The  mixing  chamber  is  made  up  of  a  tee  and  straight 
length  of  pipe  a  size  larger  than  the  outlet  of  the  blower ;  into 
this  tee  and  length  of  pipe,  the  end  of  the  outlet  from  the  seal 
box  is  connected ;  this  end  is  capped  and  sufficient  small  holes 
are  bored  in  the  circumference  of  the  pipe  to  equal  its  area. 

On  the  crown  of  the  holder  near  the  center  a  flange  and 
stuffing  box  is  placed  through  which  a  small  pipe,  with  valve, 
is  inserted  for  taking  samples  of  the  gas  in  the  crown.    This 
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pipe  should  be  adjusted  to  get  each  sample  from  about  mid- 
way between  the  crown  and  the  water,  in  order  to  get  an 
average  of  the  mixture. 

On  the  crown  of  the  holder  there  should  also  be  a  U- 
pressure  gauge  for  noting  the  pressure  in  the  holder. 

The  method  of  procedure,  after  having  removed  as  much 
oil  as  possible  from  the  surface  of  the  water,  is  to  land  the 
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Pig.  17. — Holder  station  in  residential  district. 

holder,  close  all  connection  valves  and  seal  all  connections  with 
water. 

Turn  the  steam  on  the  circulating  jet  system  and  start  up 
the  blower.  By  the  time  the  blower  has  acquired  its  speed,  the 
jets  will  have  the  gas  inside  the  holder  in  circulation;  the 
steam  jet  blower  can  then  be  turned  on  and  the  outlet  valve 
cracked,  and  so  regulated  as  to  give  a  mixture  at  the  base  of 
the  canvas  staick  of  about  i  gas  to  60  air.     Samples  taken  at 
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this  point  and  exploded  in  a  contraction  apparatus  will  soon 
establish  the  steam  supply  and  the  opening  of  the  discharge 
valve.  They  should  be  so  operated  as  to  get  a  very  slow  in- 
flation of  the  holder  to  avoid  the  necessity  of  shutting  down 
the  jet  blower  on  account  of  the  limited  range  of  the  swing 
joints  on  the  discharge  pipe. 

This  operation  can  be  continued  until  the  tests  of  samples 
taken  from  under  the  crown  show  a  close  approach  to  an 


Fig.  i8. — A  nearer  view  of  holder  station  shown  in  Fig.  17. 

explosive  mixture,  when  the  discharge  valve  should  be  closed 
and  the  discharge  pipe  disconnected  and  moved  clear  of  the 
crown,  after  which  the  jet  blower  should  be  turned  on  full  and 
holder  inflated  as  rapidly  as  possible,  until  the  entire  contents 
is  considerably  past  the  explosive  mixture.  The  contents  of 
the  holder  can  then  be  safely  discharged  through  both  the 
discharge  valve  and  the  jet  blower  direct  to  the  atmosphere. 
After  landing  again,  the  discharge  connection  can  be  coupled 
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up,  and  the  circulating  jets  used  to  steam  out  any  oil  remaining 
and  discharged  through  the  canvas  stack. 

The  manhole  plates  can  then  be  removed  and  any  emulsion 
remaining  on  the  water  should  be  broken  up  with  a  fire  hose 
and  skimmed  off. 

Special  care  should  be  taken  to  make  the  time  the  explosive 
mixture  is  in  the  holder  as  short  as  possible,  and  under  no 
consideration  should  an  explosive  mixture  be  left  in  the  tank 
after  the  hour  of  lighting  lamps.  Care  should  also  be  taken  to 
keep  the  holder  sufficiently  inflated  at  all  times,  to  prevent  the 
possible  changes  of  temperature  from  contracting  the  gas, 
thereby  landing  the  inner  lift  and  causing  a  vacuum,  in  which 
case  there  would  be  danger  of  collapsing  the  crown. 

Figs.  9  and  lo  show  the  apparatus,  described  above,  set  up 
ready  for  operation. 

After  driving  off  all  the  gas  and  the  holder  is  landed,  if  the 
balance  of  oil  and  emulsion  remaining  are  not  thoroughly 
removed,  it  will  float  on  the  water,  and  deposit  on  the  mound 
or  bottom  of  the  pit  when  the  water  is  pumped  out,  where  it 
will  continue  to  evaporate  to  such  an  extent  that  it  will  be 
dangerous  for  workmen  to  enter  the  holder. 

It  is  the  exception,  rather  than  the  rule,  to  find  a  man  in 
charge  of  a  piece  of  machinery  who  is  not  proud  of  the  ap- 
pearance of  his  machine,  but  how  often  do  we  see  a  holder 
or  a  holder  station  that  is  not  kept  in  spick  and  span  order. 
The  first  cry  is  "we  can't  keep  the  paint  in  good  shape  on 
account  of  the  oil ;"  get  rid  of  the  oil ;  this  can  be  done  to  such 
an  extent  that  so  little  is  left  inside,  that  with  proper  regula- 
tion of  the  water  level,  it  can  generally  be  kept  inside ;  where 
this  is  impossible,  the  use  of  a  cup  skimmer,  such  as  has  been 
suggested  to  the  writer  recently,  should  do  the  work,  and 
which  can  be  put  on  a  holder  while  in  commission,  see  Fig.  ii. 

The  general  design  of  an  inside  cup  overflow  has  the  dis- 
advantages of  being  inaccessible  for  repairs  when  holder  is  in 
operation,  and  also,  under  certain  conditions,  of  being  the 
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means  of  discharging  oil  from  the  inside  of  the  holder  into  the 
cup  during  the  uncupping  process,  both  of  which  have  been 
overcome  in  this  sketch.  The  U-tube  inside  the  lift  can  readily 
be  fastened  to  the  side  by  the  use  of  a  hook  bolt,  and  details 
for  clearances  and  seal  worked  out  for  individual  cases. 

An  emulsion  of  oil  will  often  form  on  the  surface  of  the 
water  inside  of  the  holder,  which  cannot  be  removed  by 
skimmers  as  readily  as  the  clear  oil.  When  this  material  gets 
on  the  outside,  it  should  be  removed  with  a  skimmer  built  of  a 
wire  loop  narrow  enough  to  insert  in  the  cup,  and  covered  with 
wire  netting.  If  not  removed,  a  thin  dirty  white  layer  will  be 
deposited  on  the  paint,  as  seen  in  Fig.  12,  in  which  case  it 
can  be  removed  by  wiping  oflF  with  kerosene. 

With  the  suggestions  that  have  been  made,  is  it  not  possible 
that  holders  and  holder  stations  can  be  kept  presentable,  and 
not  a  blot  on  the  landscape  to  depreciate  the  value  of  sur- 
rounding properties? 

Let  us  look  at  Fig.  13,  a  valve  and  boiler  house  about  1898, 
and  then  at  Fig.  14,  the  same  location  in  1903.  Again  at  Fig. 
15,  a  holder  station  as  viewed  from  the  railroad  in  1898,  where 
some  200  trains  passed  each  way  every  day,  and  Fig.  16,  the 
same  holder  station  to-day.  And  Fig.  17,  a  holder  station  built 
in  1910  under  protest  from  surrounding  property  owners,  who 
claimed  it  was  a  residential  district  and  should  not  be  dis- 
figured by  an  unsightly  holder.  At  the  time  it  was  erected, 
there  were  open  fields  for  several  blocks  in  every  directicm; 
to-day  tenant  houses  and  apartments  of  very  substantial  char- 
acter are  closing  in  around  it  rapidly,  in  fact,  on  one  side 
adjacent  property  has  been  entirely  built  up,  while  on  the 
other  side,  unimproved  land  is  steadily  advancing  in  price,  as 
evidenced  by  record  of  sales.  Fig.  18  is  a  nearer  view  taken 
more  recently. 

Mr.  W.  H.  GartlEy  (Philadelphia) :  I  want  to  give  you 
some  idea  of  the  complaint  that  was  made  by  people  in  that 
location.  The  Ward  Improvement  Society,  and  the  Superin- 
tendent of  the  Schools,  objected  to  placing  the  holder  there, 
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because  they  were  going  to  build,  and  did  build,  a  new  school 
five  blocks  away.  He  complained  that  the  noise  from  the 
working  of  that  holder  would  so  disturb  the  minds  of  the 
children  that  they  would  not  be  able  to  conduct  their  studies 
properly.  The  Pyramids  of  Egypt  had  nothing  on  that  holder 
for  quiet  operation.     (Laughter.) 

The  Acting  Chairman:     Is  there  any  further  discussion? 

Mr.  GartlEy:  I  might  add  to  that,  because  it  is  quite 
worth  while.  You  know  these  complaints  about  the  location 
of  holders.  The  result  of  that  holder  being  located  there,  or 
the  condition  in  which  it  was  kept,  instead  of  depreciating 
property,  very  much  improved  the  property  in  that  location  as 
compared  with  what  had  formerly  existed  there.  Formerly 
there  were  several  rows  of  two-story  houses.  To-day  there 
are  several  expensive  apartment  houses  going  right  up  within 
one  block  of  that  holder. 

Mr.  E.  C.  Uhug  (Brooklyn)  :  (Written  discussion  com- 
municated.) The  preservation  of  structural  iron  and  steel  is 
one  of  the  most  important  problems  of  our  age.  Much  has 
been  written  on  this  subject,  and  many  investigators  are  en- 
gaged in  research  tending  to  throw  light  on  the  causes  of  cor- 
rosion and  its  prevention.  The  many  theories  advanced  to 
explain  corrosion  have  their  ardent  advocates,  but  it  cannot  be 
said  that  we  are  able  as  yet  to  write  definite  specifications  for 
structural  metal.  It  seems  to  be  general  experience  that  the 
iron  of  former  periods  is  more  resistant  to  corrosive  influences 
than  the  present  day  metal.  This  may  be  ascribed  to  two 
reasons,  namely,  the  composition  of  the  metal,  and  the  cor- 
rosive influences  surrounding  it.  The  former  is  probably  the 
true  one,  as  ancient  iron  in  use  at  the  present  day  is  exposed 
to  the  same  conditions  of  corrosion  as  the  modem  iron,  and 
writers  say  it  resists  better. 

If  the  virtue  of  the  ancient  iron  lies  in  its  freedom  from 
impurities,  then  the  more  our  metal  approaches  pure  iron,  the 
more  resistant  should  it  be  to  corrosion.  If  the  ancient  iron  is 
superior  on  account  of  its  freedom  from  molecular  strains  due 
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to  its  slower  and  more  thorough  methods  of  manufacture, 
then  the  structural  metal  we  use  will  have  to  be  produced  wiA 
more  care  to  eliminate  these  strains  as  far  as  possible. 

The  slow  and  laborious  methods  of  former  periods  are  un- 
doubtedly responsible  for  both  the  purity  and  freedom  from 
molecular  strain,  but  it  is  useless  to  expect  even  an  approxi- 
mate return  to  ancient  conditions.  On  the  other  hand,  the  case 
of  the  Newburyport  chain  bridge  might  be  cited.  This 
bridge  has  withstood  corrosion  for  nearly  a  century,  and  the 
iron  is  remarkable  for  its  heterogeneous  composition  having 
large  areas  of  pure  iron  mixed  up  with  areas  of  slag  and  very 
high  carbon.  This  case  is  one  where  the  ancient  iron  was 
not  pure. 

The  reference  to  iron  containing  copper  is  interesting  and 
possibly  the  solution  of  the  problem  of  corrosion  might  lie  in 
this  direction.  At  any  rate,  the  corrosion  of  iron  and  steel  as 
influenced  by  the  composition  of  the  metal,  is  a  problem  which 
directly  concerns  the  manufacturers,  and  it  is  to  be  hoped  that 
they  will  solve  it. 

In  regard  to  the  protective  coverings  such  as  compounds 
and  paints,  it  is  quite  impossible  to  specify  composition,  and 
the  real  test,  as  Mr.  Braine  points  out,  is  actual  service,  guided 
by  knowledge  of  the  manufacturer's  reliability.  However,  an 
analysis  or  else  some  test  is  quite  desirable.  The  test  of  com- 
pound on  page  788  is  a  case  in  point.  The  exposure  of  a  coated 
plate  to  the  action  of  an  acid,  furnishes  an  idea  as  to  the  pro- 
tective qualities  of  the  compound. 

Our  analyses  of  red  holder  paints  have  shown  them  to  be 
composed  mainly  of  iron  sesquioxide  and  calcium  sulphate,  the 
last  named  being  added  to  brighten  the  color  and  thus  produce 
the  Vermillion  shade  desired.  The  oil  in  the  paints  has  been 
mainly  linseed  oil,  containing  sometimes  mineral  oil  and  tur- 
pentine. Some  paints  had  also  organic  dyes  present.  The  use 
of  these  dyes  is  objectionable,  as  a  rule,  because  they  are  liable 
to  wash  off  in  the  rain  and  also  fade.  Some  of  them  may  be 
free  from  these  objections,  as  I  have  heard  that  aniline  dyes 
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have  been  employed  in  paints  used  for  outside  railroad  signals 
apparently  with  satisfaction. 

It  might  be  well  to  state  here  that  the  theory  of  the  use  of 
linseed  oil  as  a  vehicle  is  that  it  becomes  oxidized  on  exposure 
to  the  air,  producing  a  hard  film  which  holds  the  pigment. 
This  oxidization  is  influenced  by  the  moisture  of  the  atmos- 
phere, and  it  must  be  borne  in  mind  that  paints  should  be  mixed 
to  suit  the  conditions  of  the  season  of  the  year  in  which  they 
are  used.  This  is  a  question  for  the  paint  maker,  and  he 
should  mix  his  paints  with  such  conditions  .in  view.  The 
presence  of  mineral  oil  in  a  paint  is  objectionable,  and  should 
be  considered  an  adulteration. 

The  purging  of  a  holder,  while  usually  r^^rded  as  a  simple 
matter,  presents  two  sources  of  danger,  one  the  presence  of  an 
explosive  mixture,  and  the  other  the  nuisance  of  the  odor. 
Frequent  periodic  testing  should  be  employed.  In  the  test 
mentioned  by  Mr.  Braiine  on  page  806  where  air  was  applied 
with  a  steam  injector,  a  very  close  watch  was  kept  on  the 
progress  of  the  purging,  both  by  analysis  and  explosion  tests. 
It  was  found  that  even  when  the  usual  explosive  limits  of 
mixtures  of  gas  had  been  long  passed,  the  air  in  the  holder 
was  still  explosive.  This,  of  course,  was  due  to  the  oil  vapors 
produced  by  the  heat  of  the  steam,  and  the  holder  was  not 
considered  safe  until  the  explosion  test  gave  negative  results, 
which  happened  when  the  percentage  of  air  reached  96.  This 
was  very  interesting,  and  the  tests  employed  furnished  a  simple 
means  of  making  the  purging  a  safe  operation. 

Mr.  F.  J.  Down  (New  York) :  (Written  discussion  com- 
municated.) From  the  reading  of  Mr.  Braine's  paper,  one  is 
impressed  with  its  thoroughness  and  completeness.  He  has  so 
fully  exhausted  his  subject  as  to  leave  but  little  to  be  said  by 
way  of  criticism.  If  one  were  to  comment  at  all,  it  would  be 
simply  to  say  that  too  little  attention  has  been  given  to  the 
matter  of  cup  cleaning.  This  duty,  particularly  in  these  days 
of  forced  draft  with  flake  ash  and  cinders  falling  about  our 
holders  from  our  neighbors'  boiler  stacks,  has  become  one  of 
55 
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considerable  importance.  Cases  can  be  cited  where,  in  a  short 
period  of  time,  the  acctmiulation  in  the  cups  of  holders  from 
this  source  has  been  so  great  as  to  cause  the  seals  to  "blow" 
and  become  a  menace  to  the  neighborhood. 

Something  should  have  been  said  r^[arding  methods  of 
lubricating  the  guide  roUers.  The  knowledge  obtained  from 
the  use  of  grease  cups  and  anti-friction  rollers  would,  I  am 
sure,  be  of  value  to  many  of  us.  Compression  cups  have  been 
used,  and,  I  have  been  told,  have  proven  very  satisfactory. 

No  mention  is  made  of  the  use  of  cup  guards.  In  former 
years,  our  chief  engineer,  Mr.  Bradley,  invariably  provided  for 
them  in  the  construction  of  his  holders.  For  some  reason, 
not  apparent,  the  practice  has  fallen  into  disuse.  Their  utility, 
in  my  opinion,  cannot  rightfully  be  doubted.  They  protect  the 
cups  from  such  injuries  as  result  from  the  accumulation  of 
stones  and  other  missiles  thrown  by  the  small  boy  of  the  neigh- 
borhood. About  five  years  ago  a  piece  of  bar  iron  thrown  into 
the  cup  of  a  holder,  worked  itself  under  the  grip  sheet  and 
buckled  it  so  much  out  of  shape  as  to  prevent  the  cupping 
of  the  holder  and  necessitated  its  being  put  out  of  commission 
for  three  weeks  to  repair  the  damage.  Were  the  holder  pro- 
vided with  a  cup  guard,  this  would  have  been  avoided. 

As  a  protection  against  the  freezing  of  the  water  of  the  axp 
in  cold  weather,  the  cup  guard  performs  an  important  function 
in  retarding  the  diffusion  of  heat  to  the  surrounding  atmos- 
phere, thus  effecting  an  economy  of  steam.  At  the  same  time 
acting,  as  it  does,  as  a  shield  against  interference  by  the  force 
of  the  winds,  the  ejectors  are  better  able  to  accomplish  the  cir- 
culation of  the  water  in  the  cup.  The  danger  of  cup  water 
freezing  is  greatest  during  cold  drifting  snow  storms.  At  such 
times,  the  snow  enters  the  cups  faster  than  it  can  be  mdted, 
consequently  it  acctunulates  until  there  exists  a  condition  of 
slush,  and  then  circulation  of  the  water  and  the  heating  of  it 
is  impossible.  Of  course  under  such  circumstances  danger 
is  imminent.  In  a  niunber  of  instances  coming  under  my  ob- 
servation, conditions  such  as  described,  have  necessitated  the 
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rapid  lowering  of  the  holder  to  remove  the  accumulated  slush, 
and  snow,  and  replenish  with  water  from  the  tank.  It  is  quite 
obvious  that  at  such  times  the  cup  guard  would  be  an  effective 
protection.  It  should  be  stated  that  snow  accumulates  in  the 
cups  only  at  points  intermediate  between  cup-water  heaters. 

Five-ply  rubber  belting  is  usually  requisitioned  for  a  cup 
guard.  It  rests  on  short  pieces  of  J4  in.  x  i  in.  iron  placed 
about  I  ft.  apart  and  bolted  to  grip  sheet  angle.  It  covers  the 
cup  to  within  a  quarter  of  an  inch  of  the  shell  rivets. 

Mr.  H.  W.  Ai^rich  (New  York) :  (Written  discussion 
communicated.)  The  subject  of  Mr.  Braine's  paper  is  a 
serious  problem,  the  importance  of  which  has  been  but  recently 
recognized.  The  full  subject  has  never  previously  been  dis- 
cussed by  the  American  Gas  Institute,  or  its  predecessor 
societies.  The  fact  that  Mr.  Bradley  and  Mr.  Morris  were  the 
first  to  establish  a  regular  and  systematic  inspection  and  main- 
tenance of  holders  makes  it  appropriate  that  some  one  from 
our  organization  should  participate  in  this  discussion. 

On  pages  781  and  782,  Mr.  Braine  says,  referring  to  masonry 
walls  for  protecting  the  base  of  steel  tanks,  "It  has  been  found 
that  these  walls  do  not  remain  in  intimate  contact  with  the 
steel  walls,  considerable  space  appearing  between  the  concrete, 
or  brick  wall,  and  the  steel  wall."  Observations  show  that  the 
width  of  this  space  between  the  outer  surface  of  the  steel  tank 
and  the  inner  surface  of  the  wall  varies  somewhat  witii  the 
temperature,  and  also  with  the  season  of  the  year.  As  con- 
crete and  steel  are  believed  to  have  the  same  co-efficient  of 
expansion,  this  variation  seems  to  indicate  that  the  tank  and 
the  wall  are  not  acted  upon  by  the  same  thermal  influences. 
The  temperature  of  the  water  at  the  bottom  of  a  large  holder 
tank  does  not  vary  greatly  throughout  the  year,  and  we  may 
reason  that  the  steel  plates  in  contact  with  this  water,  and 
sheltered  by  the  protection  wall,  are  prevented  thereby  from 
responding  to  the  greater  temperature  changes  of  the  at- 
mosphere. The  masonry  wall,  however,  is  exposed  to  the 
action  of  the  elements,  hence  it  would  appear  that  while  the 
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tank  remains  of  a  substantially  constant  perimeter,  the  masonry 
wall  is  contracting  and  expanding.  We  might  now  form  the 
conclusion  that  protection  walls  built  in  winter  would  behave 
differently  from  those  placed  in  summer,  but  observations  do 
not, confirm  this.  Nevertheless,  while  our  theory  may  not  fully 
conform  to  the  observed  phenomena,  the  action  is  obviously 
the  result  of  varying  thermal  conditions.  It  has  been  sug- 
gested that  the  protection  wall  might  be  built  before  placing 
the  water  in  the  tank.  When  the  tank  was  filled,  in  expanding 
under  the  hydrostatic  pressure,  it  would  develop  tension  in  the 
masonry  wall  which  would  tend  to  keep  it  in  absolute  contact 
with  the  plating.  This  procedure  has  been  opposed  upon  the 
ground  that  the  masonry  wall  might  be  incapable  of  accommo- 
dating itself  to  the  expansion  of  the  steel  tank,  and  thus  be 
Tuptured,  possibly  at  niunerous  points.  While  dissenting  f  ran 
that  view,  I  do  not  believe  that  the  method  would  secure  the 
desired  result,  because  the  contact  of  the  masonry  and  the  steel 
must  be  maintained  either  by  the  adhesion  of  the  masonry  to  the 
steel,  or  by  circiunferential  tension  in  the  wall.  The  adhesion 
of  cement,  or  concrete,  to  the  surface  of  a  steel  tank,  unas- 
sisted by  a  mechanical  bond,  cannot  continue  and  I  believe  that 
unless  the  masonry  contained  a  prohibitive  amount  of  steel 
reinforcement,  the  ring  tension  would  ultimately  lapse  through 
fatigue. 

Personally,  I  do  not  now  believe  that  masonry  protection 
walls  are  either  necessary  or  helpful.  With  our  present  knowl- 
edge, we  cannot  say  positively  that  they  are  a  protection.  Wc 
do  know  that  they  may  be  a  menace.  There  can  be  little 
advantage  in  enclosing  the  base  of  a  steel  tank  which  stands 
entirely  above  ground,  and  I  believe  that  a  fill  of  good  loam, 
or  clay,  is  all  that  is  required  for  a  tank  depressed  below  the 
surface.  I  have  examined  two  tanks,  both  of  which  had  been 
in  service  some  20  years,  one  of  which  was  protected  by  a 
fill  of  loam,  and  the  other  by  clay  embanked  against  the  por- 
tions below  the  ground  level.  Both  of  these  holders  were 
located  upon  ground  lower  than  the  environment,  and  upon 
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which  water  accumulated  after  storms.  However,  both  of 
these  tanks  were  found  to  be  without  rust,  or  corrosion,  at  or 
below  the  ground  line.  In  addition  to  the  economy,  a  distinct 
advantage  of  this  method  is  that  it  permits  the  inspection  of 
the  tank  shell  at  a  negligible  cost. 

Mr.  Braine  illustrates  printed  forms  employed  by  a  large 
gas  company  for  reporting  holder  inspections.  It  will  be  ob- 
served that  these  forms  are  actually  an  enumeration  of  the 
parts  of  a  gas  holder.  It  is  the  practice  of  the  Consolidated 
Gas  Company  to  furnish  the  inspector  with  instructions,  set- 
ting forth  the  specific  defects,  and  forms  of  deterioration  for 
which  he  is  to  seek,  and  upon  which  he  must  report  These 
instructions  were  compiled  f  rcMn  an  extended  experience,  and 
outline  memoranda  thereof  are  furnished  for  the  Proceed- 
ings. Comparing  the  memoranda  with  Mr.  Braine's  paper, 
there  will  be  noted  some  items  not  discussed  by  him.  How- 
ever, I  happen  to  know  that  in  practice  Mr.  Braine  gives  these 
matters  full  attention. 

The  acctunulation  of  rubbish  in  the  bottom  of  holder  tanks 
is  a  matter  of  great  importance.  There  are  many  holders  that 
operate  under  such  conditions  that  the  outer  section  is  being 
frequently  landed,  while  the  inner  lifts  may  not  touch  the 
landing  blocks  in  years.  This  may  result  in  the  outer  section 
keeping  its  own  path  clear,  but  in  the  building  up  of  a  mound 
of  rubbish  inwardly  therefrom.  These  mounds  of  rubbish 
may  reach  such  proportions  and  such  a  condition  of  stability, 
that  when  in  the  course  of  time  the  inner  sections  are  lowered, 
they  may  be  seriously  damaged  by  coming  to  rest  upon  the 
peaks. 

No  part  of  a  holder  merits  more  careful  or  frequent  inspec- 
tion than  the  cups.  In  their  normal  operating  position,  they  are 
usually  at  a  considerable  elevation  above  the  ground.  'From 
this  we  might  be  led  to  believe  that  the  lodging  of  obstructions, 
or  the  accumulation  of  rubbish  therein,  is  infrequent  and  im- 
probable. The  fact  is  that  tools,  bricks,  stones,  dirt  and 
other  materials  do  somehow  find  their  way  into  the  cups. 
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Directly  related  to  this  point  is  a  requirement  which  we  rigidly 
enforce.  We  do  not  permit  the  storage  of  tools,  fittings,  extra 
rollers,  tackle  and  other  such  articles,  upon  the  platforms, 
galleries  or  crown. 

Mr.  Down  has  referred  to  the  rubber  aprons,  or  cup  guards, 
with  which  a  ntunber  of  our  holders  were  at  one  time  equipped 
I  plead  guilty  to  having  removed  them.  In  general  theory,  this 
device  has  much  to  commend  it,  but  no  such  apron  has  yet  been 
designed  which  possessed  sufficient  durability  to  justify  the 
cost.  I  repeat,  holder  cups  should  receive  careful  and  frequent 
attention. 

On  page  834,  Mr.  Braine  discusses  the  very  important 
subject  of  cleaning  snow  from  the  crowns  of  holders.  Im- 
portant, I  have  said,  and  I  do  believe  it  is  very  important.  If 
snow  be  .permitted  to  remain,  it  will  gradually  creep  down  the 
spherical  surface  of  the  crown  and  form  in  drifts  around  the 
top  curb.  Most  of  the  creeping  occurs  while  the  snow  is  thaw- 
ing, and  the  action  of  gravity  is  sometimes  assisted  by  the 
wind.  Through  successive  freezing  and  thawing,  this  snow 
accumulated  at  the  edge  of  the  crown  may  have  become  very 
much  more  compact,  and  hence  heavier  than  before;  it  may 
even  partially  have  turned  into  ice.  If  not  then  removed,  the 
snow  with  further  freezing  and  thawing,  may  build  up  a  leg 
of  ice  adhering  to  the  surface  of  the  holder  sections  and  ex- 
tending from  the  crown  down  to  and  resting  upon  the  grip 
below.  This  leg  of  ice  may  reach  such  proportions  as  to  ex- 
tend over  the  first  grip  and  down  the  side  of  the  next  section 
to  the  second  grip.  This  condition  would  most  certainly  result 
in  the  holder  being  badly  damaged  if  it  were  attempted  to 
uncup  from  a  grip  in  contact  with  the  1^  of  ice. 

The  drift  of  snow  may  also  slide  off  from  the  crown  like  an 
avalanche,  landing  in  the  cups  and  carrying  away  the  steam 
hose.  It  may  fall  upon  the  roofs  of  adjacent  buildings  and 
damage  them.  It  may  injure  those  upon  the  hoMer  galleries, 
or  upon  the  ground  below.  I  do  not  believe  that  any  consider- 
able quantity  of  3now  can  be  allowed  to  remain  upon  the 
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crown  of  a  holder  without  the  occurrence  of  some  one  or 
more  of  these  things. 

However,  I  have  gotten  the  idea  that  the  great  diligence 
shown  in  cleaning  snow  from  the  crowns  of  holders  arises 
from  a  belief  that  an  eccentrically  located  snow  drift  could 
somehow  cause  the  uncupping  of  the  inner  section.  A  very 
brief  mathematical  consideration  of  the  factors  involved  will 
show  that  a  snowfall  sufficient  to  uncup  a  4  or  5-lift  holder 
would  probably  not  be  encountered  even  in  the  Polar  regions. 

It  is  not  difficult  to  trace  this  belief  to  its  origin.  The  inner 
section  of  any  gas  holder  is  in  unstable  equilibrium  when  un- 
cu{^d  from  the  next  outer  section.  This  is  due  to  the  fact 
that  the  metal  in  the  crown  locates  the  center  of  gravity, 
which  is  the  center  of  mass,  above  the  center  of  buoyancy, 
which  is  the  center  of  displacement.  This  instability  was 
somewhat  aggravated  in  the  holders  built  many  years  ago,  by 
the  practice  of  trussing  the  crowns,  and  by  the  diameters  being 
large  in  proportion  to  the  depth.  Both  of  these  features  in- 
creased the  distance  between  the  center  of  buoyancy  and  the 
center  of  gravity.  Further,  those  holders  were  not  provided 
with  the  efficient  guiding  employed  at  the  present  day.  Hence, 
when  we  consider  their  design,  it  is  not  surprising  that  the 
inner  section,  or  single  section,  keeled  over  with  slight  pro- 
vocation, and  frequently  wrecked  the  guide  frame,  which  gen- 
erally consisted  of  independent  colunms,  independent  because 
inadequately  braced  and  tied  together.  This  accumulation  of 
snow  upon  one  side  of  the  crown,  acting  together  with  a  high 
wind  against  the  other  side  of  the  section,  came  to  be  recog- 
nized as  representing  a  very  precarious  condition. 

Mr.  Cripps,  in  his  book  on  the  "Guide  Framing  of  Gas 
Holders,"  published  in  1889,  in  discussing  holders  of  now 
obsolete  design,  makes  this  statement  r^arding  snow,  "It  is  a 
very  dangerous  tilting  force  when  it  lies  on  one  side  of  the 
top."  But,  on  the  very  next  page,  he  sets  forth  in  italics  "Un- 
less the  resolved  wind  and  snow  pressure  exceeds  the  weight 
of  the  outer  lifts,  the  gas  holder  cannot  tilt."    Notwithstanding 
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Mr.  Cripps'  italics,  this  seems  to  have  escaped  general  atten- 
tion, nor  does  it  seem  to  have  been  noted  that  if  his  formula 
were  to  be  developed  in  connection  with  a  modem  5-lift  holder, 
such  an  occurrence  as  tmcupping  from  snow  and  wind  is  tm- 
thinkable,  even  though  three  lifts  may  be  resting  upon  die 
bottom  of  the  tank.    Now  as  I  fear  being  misunderstood,  I  will 
repeat  that  I  do  believe  that  the  snow  should  be  removed  from 
the  crowns  of  holders,  but  I  also  believe  that  we  should  have  m 
mind  the  exact  reason  why,  and  not  require  it  or  enforce  it  in 
observance  of  a  somewhat  mouldy  tradition  of  what  the  result 
would  be,  should  the  immediate  removal  of  the  snow  be 
n^lected. 

Mr.  Thorn  described  the  buckling  of  the  vertical  legs  of  the 
outer  section  of  a  holder  by  the  vertical  l^s  of  the  next  inner 
section  jamming  against  the  g^p,  while  the  holder  was 
descending.  He  does  not  enlighten  us  as  to  what  happened  to 
the  inner  section,  which  caused  the  vertical  l^s  thereof  to 
be  buckled  to  such  a  considerable  extent.  A  distortion  of  such 
magnitude  as  to  inflict  the  damage  which  he  describes  upon 
the  outer  section  only  occurred  through  the  application  of  a 
great  deal  of  force.  It  could  not  have  been  the  result  of  a 
gradual  springing,  but  whatever  the  cause,  the  incident  em- 
phasizes the  importance  of  frequent  holder  inspections. 

Under  the  caption  "Faults  in  Design,"  Mr.  Thorn  says  that 
"Foundations  are  a  part  of  the  work  always  put  out  of  sight 
and  generally  done  before  any  active  interest  is  manifested  in 
the  operation,  and  have  received  the  most  abuse  and  often  the 
least  expert  supervision  of  any  class  of  work  known."  While, 
of  course,  I  cannot  undertake  to  dissent  from  his  remarks  as 
far  as  they  may  relate  to  particular  foundations  which  he  may 
have  in  mind,  I  do  most  positively  challenge  the  general  appli- 
cation of  his  statement.  As  a  result  of  an  extended  observa- 
tion, it  is  my  belief  that  the  importance  of  proper  foundations 
for  gas  holders  has  been  fully  realized  for  many  years,  and  has 
received  thorough  study.  We  may  criticize  the  super- 
structures of  the  gas  holders  built  by  our  forefathers  in  the 
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gas  industry,  but  they  put  their  foundations  in  to  stay,  and  I 
am  glad  to  say  that  we  have  been  following  in  their  footsteps. 

Continuing  his  discussion  of  "Faults  in  Design,"  Mr.  Thorn 
treats  of  points  so  elementary  in  the  execution  of  any  structural 
work,  that  anyone  unfamiliar  with  them,  should  not  be  per- 
mitted to  exploit  his  ignorance  in  the  building  of  a  gas  holder. 
For  instance,  a  man  who  did  not  know  enough  to  inspect  all 
rivets  and  bolts,  or  to  test  the  cups  for  leaks,  would  be  worth 
more,  money  wheeling  oxide. 

Mr.  Thorn  submits  a  design  for  a  cup  skimmer,  by  means 
of  which  he  apparently  expects  to  remove  the  oil  f rcnn  the 
cup  water  so  thoroughly  that  the  paint  on  the  holder  sections 
will  not  be  discolored  thereby.  I  am  afraid  that  experience 
with  the  device  would  be  disappointing,  for  we  long  ago  dis- 
covered that  the  discoloring  of  paint  cannot  be  avoided  by  any 
process  of  skimming  water  after  it  has  been  contaminated  by 
pil.  Further,  the  suggested  device  would  be  very  difficult  to  em- 
ploy for  the  reason  that  the  level  of  the  cup  water  varies  con- 
siderably. Hence,  if  the  skimmer  cup  be  located  at  a  level 
that  would  permit  its  being  used  under  a  wide  range  of  con- 
ditions, we  would  be  dependent  upon  human  diligence  in  clos- 
ing the  angle  valve,  to  prevent  water  being  lost  from  the  cups, 
in  other  words,  it  is  not  fool  proof,  and  I  believe  that  all  such 
attachments  are  a  menace  to  a  holder.  There  are  other  ob- 
jections to  this  cup  skimmer  upon  which  I  shall  not  enlarge, 
but  will  close  by  saying  that  any  results  expected  from  it,  can 
be  accomplished  to  a  better  advantage  in  other  ways. 

MEMORANDA  FOR  HOLDER  INSPECTION. 
Tanks  : 

Settlement  of  tanks. 

Leakage  from  brick  tanks. 

Contact  of  protection  walls  with  steel  tanks. 

Conditions  around  bottom  curbs  of  steel  tanks,  without  protection 

walls. 
Drainage  of  tank  walk-arotmd. 
Deposit  in  tanks. 
Corrosion  at  the  water  line. 
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Corrosion  of  walk-around. 
Corrosion  of  back  of  standard  supports. 
Security  of  railings. 
Leaks  or  weeping. 

Guide  Fkame  : 

Alignment  of  guide  rails. 

Corrosion  of  horizontal  ties. 

Corrosion  of  top  of  girders. 

Corrosion  of  splice  plates. 

Condition  of  interior  of  cylindrical  columns. 

Missing  rivets  or  bolts. 

Security  of  ladders  and  railings. 

Weep  holes  in  cast  iron  columns. 

Steam  piping  on  contact  with  structure. 

Lifts: 

Tightness  of  seams. 

Corrosion  behind  ribband  plates. 

Condition  of  cup  sheets  at  water  line. 

Condition  of  dip  sheets. 

Deposit  in  cups. 

Condition  of  rivets  attaching  dip  sheet  to  grip  channel 

Life  lines. 

Large  holders  without  grip-gallery  rails. 

Security  of  railings. 

Guiding  : 

Adjustment  of  rollers. 

Lubrication. 

Wear. 

Bending  of  spindles. 

Tank  rollers  and  brackets  missing. 

Inside  rollers. 

Rust 
Genkkai«: 

Dirt  and  rust  tmder  paint 

Missing  rivets,  or  bolts. 

Tools,  etc,  stored  on  platforms,  galleries,  or  crown. 

Electric  wires,  etc,  attached  to  structure. 

Mr.  J.  H.  Taussig  (Philadelphia) :  I  move  a  vote  of 
thanks  to  Mr.  Braine  for  his  most  excellent  and  instructive 
paper. 

Mr.  Gartley  :    I  second  the  motion. 
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Mr.  Braine:  If  there  is  no  more  discussion,  there  is  just 
one  thing  I  should  like  to  get  into  the  record,  and  that  is  that 
we  do  not  depend  on  a  measured  volume  in  purging  holders. 
We  have  a  chemist  on  the  giound  the  whole  time,  and  we 
decide  from  his  analysis.  I  put  that  tabulation  in  there  as  a 
matter  of  convenience,  but  we  do  not  depend  on  it. 

The  Acting  Chairman:  You  have  heard  Mr.  Taussig's 
motion. 

Mr.  Victor  von  Starzenski  (Schenectady,  N.  Y.) :  I 
should  also  like  to  move  a  vote  of  thanks  to  Mr.  Thorn  for 
his  very  interesting  discussion. 

Mr.  Braine  :    I  second  that  motion. 

The  motion  thanking  Mr.  Braine  for  his  paper  was  then 
passed. 

A  motion  was  then  passed  thanking  Mr.  Thorn  for  his  dis- 
cussion of  the  paper  and  his  lantern  slides. 

Mr.  Walton  Forstall  :    I  move  we  adjourn. 

The  motion  was  seconded  and  carried. 

The  Chairman  :  The  meeting  to-morrow  morning  begins 
at  9 130  o'clock. 

Adjourned,  5 140  p.  m. 
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ILLUMINATION  SECTION 

Afternoon  Sesnon*  Thursday,  Octobor  22. 

Mr.  C.  Q.  Bond  (Philadelphia),  Chairman,  Presiding. 

Mr.  C.  W.  Jordan  (Philadelphia),  Section  Secretary. 

The  Chairman  called  the  meeting  to  order  at  2  p.  m. 

The  Chairman:  We  will  b^n  this  afternoon  with  the 
paper  on  "The  Physical  Installation  of  Gas  Arcs,"  by  Mr. 
C.  A.  Luther,  of  Chicago. 

THE  PHYSICAL  INSTALLATION  OF  GAS  ARCS. 

The  physical  installation  of  gas  arcs  is  of  vital  interest  to  aD 
gas  companies,  and  should  receive  a  good  deal  of  attention, 
not  only  by  the  management,  but  also  by  the  fitter  who  exe- 
cutes the  work.  The  fitter  should  be  thoroughly  familiar  with 
the  rules  formulated  by  the  company  for  instruction  and 
guidance  in  the  performance  of  his  work.  He  should  alwa}rs 
bear  in  mind  that  such  rules  are  not  the  arbitrary  dictum  of 
the  employer,  but  that  they  have  been  drafted  and  decided 
upon  after  many  years  of  experience  of  both  employer  and 
employees,  and  are  intended  for  the  mutual  benefit  and  pro- 
tection of  both. 

Every  company  has  a  right  to  require  its  employees  to  study 
and  familiarize  themselves  with  and  to  observe  its  rules;  and 
every  man  who  respects  himself  should  work  for  his  company 
as  conscientiously  and  economically  as  he  would  for  himself. 

The  fitter  should  first  of  all  be  made  to  realize  that  his 
position  depends  upon  the  prosperity  of  the  company  for  whidi 
he  works,  and  that  the  prosperity  of  both  depends  upon  the 
success  of  his  efforts  to  satisfy  the  consumers.  When  a  fitter 
realizes  this  fact,  he  will  do  his  best  to  install  all  arcs  in  such 
workmanlike  manner  that  due  credit  for  the  installation  will 
be  given  him  by  the  management  and  consumer. 
INSTAL1.AT10N  Instructions. 

To  install  gas  arcs  properly,  the  fitter  must  necessarily  be 
provided  with  instructions  for  his  guidance.  These  instruc- 
tions will  quite  naturally  vary  with  the  different  installations. 
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The  solicitor  or  representative  who  secures  the  signature  of 
the  consumer  for  the  installation  should  not  only  know  the 
piping  rules  of  the  company,  but  he  should  also  be  able  to 
sketch  a  plan  of  the  piping,  if  necessary,  even  to  the  outlets 
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Fig.  I. — Shop  work  ticket. 

where  the  units  are  to  be  installed.  He  should  by  all  means 
see  that  everything  is  satisfactory,  especially  where  extensions 
for  outside  arcs  are  to  be  made  from  existing  outlets. 

As  the  fitter  is  not  a  mind  reader,  the  solicitor  must  indi- 
cate to  him,  in  simple  language  and  by  a  plan,  the  various 
locations  where  the  lamps  are  to  be  installed.    Furthermore, . 


Digitized  by  VjOOQIC 


878 


"iLLUMfN^rio^/  TlnN  3k 


—77/  W^cK^or^BLv/:^ 


^  '■\  \u 


Fig.  2.— Illumination  plan. 
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to  insure  the  units  being  hung  where  originally  specified  and 
to  eliminate  the  possibility  of  the  prospective  consiuner  chang- 
ing his  mind,  the  solicitor  should  make  all  necessary  diagrams 
or  memoranda  on  his  order  in  the  presence  of  the  customer. 

Shop  Work  Tickets. 

The  shop  work  ticket  shown  in  Fig.  i  is  used  by  the  com- 
pany with  which  the  writer  is  connected,  and  was  devised  to 
eliminate  the  possibility  of  the  consumer  changing  his  mind 
after  the  fitter  arrives  on  the  job,  and  at  the  same  time,  it 
conveys  to  the  fitter  the  exact  locations  where  the  units  are  to 
be  hung.  This  diagram  is  printed  on  the  back  of  the  shop  work 
ticket,  and  shows  the  present  location  of  the  units  which  are 
to  be  changed,  existing  outlets,  and  the  location  in  which  the 
lamps  are  to  be  installed.  The  fitter  can,  therefore,  estimate 
the  amount  of  material  required  to  complete  the  installation 
before  he  leaves  the  shop. 

Insurance  Installation. 

In  some  instances  it  may  be  good  policy  to  make  a  diagram 
like  that  shown  in  Pig.  2.  This  form  is  attached  to  the  shop 
work  ticket  for  the  guidance  of  the  fitter,  the  same  as  Fig.  i. 
In  this  instance,  it  not  only  expedites  the  work  of  the  fitter,  but 
it  is  also  of  value  to  the  solicitors  in  general,  as  for  instance,  in 
this  particular  diagram  which  shows  an  installation  of  60  arcs 
that  was  made  for  the  Underwriters'  Salvage  Company,  a 
company  that  is  operated  by  65  insurance  companies  as  a  dis- 
posal station  for  materials  damaged  by  fire  and  water.  Prints 
similar  to  this  can  be  shown  to  prospective  consumers  wherever 
there  are  doubts  in  their  minds  as  to  the  installation  of  gas 
arcs  aflfecting  their  insurance. 

Delivery. 

Material. 

As  soon  as  the  fitter  has  received  his  hanging  orders,  with 

diagrams  attached  showing  extensions  and  new  outlets,  he 

should  get  out  the  necessary  pipe,  fittings,  etc.,  so  as  to  elimi- 
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nate  any  return  trips  to  the  shop  for  additional  material  that 
was  overlooked  while  making  up  his  deliveries. 

Tools. 
The  fitter  should  also  see  that  all  necessary  tools  are  sent 
to  the  job  with  the  pipe  and  fittings,  such  as  wrenches,  cutter, 
stocks  and  dies  for  the  different  sizes  of  pipe  he  expects  to 
run,  and  a  vise  if  necessary,  provided  there  are  any  extension 
lines  to  be  run  at  that  particular  installation. 

Packing. 
Glass  and  Lamp  Cans, 
We  have  devised  for  our  own  use  several  types  of  galvanized 
cans  (see  Fig.  3)  to  transport  our  lamps  and  globes.    These 


Fig.  3.  -Cans  for  lamps  and  globes. 

cans  can  be  safely  and  conveniently  packed  on  our  delivery 
trucks,  without  any  possibility  of  breaking  or  injuring  their 
contents. 
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Lamp. 

To  assure  the  safe  delivery  of  arc  lamps  without  chipping 
the  enamel  or  bending  any  of  the  parts,  the  fitter  should  take 
the  precaution  to  see  that  the  lamps  do  not  come  in  contact  with 
each  other  or  any  other  material  of  a  hard  nature.  He  can 
easily  eliminate  these  hazards  by  delivering  the  arc  lamps  in 
the  original  cartons.  If  no  cartons  are  on  hand,  the  units 
should  be  wrapped  separately  in  blankets  or  padding  especially 
made  for  the  lamps. 

It  is  not  good  practice  to  pack  arcs  in  excelsior  or  straw  as 
these  contain  a  certain  amount  of  fine  chaflF  or  dirt  which  is 
bound  to  get  into  the  working  parts  of  the  units  and  cause 
trouble  after  the  lamps  are  installed. 

Glassware, 

In  packing  glassware,  the  same  precautions  must  be  taken 
to  avoid  the  possibility  of  having  broken  or  chipped  glass  when 
the  fitter  unpacks  it  on  the  job.  Careful  packing  of  the  glass 
will  save  the  fitter  a  trip  to  the  shop  for  replacements. 

Mantle. 

Great  care  should  be  exercised  in  placing  the  mantles  in  a 
safe  place  where  there  is  no  danger  of  any  material  crushing 
them.    Damp  cleaning  rags  should  be  kept  in  tins  where  they 
cannot  come  in  contact  with  the  mantle  boxes. 
Installation  of  Indoor  Arcs. 

The  following  table  gives  in  a  concise  form  the  amount  of 
diflferent  size  pipe  allowed  for  extensions  or  regular  piping: 

Sise  of  pipe  Pipe  allowed  Number  of 

(Inches)  (Inches)  gas  arcs  allowed 

H  30  I 

M  40  2 

^  60  5 

1  70  8 
\%                                 100                                   15 

2>^  150  30 

2  200  50 
2%                                             250                                              100 

3  300  150 

4  450  250 

Any  ceiling  20  ft.  high  or  over  should  have  ^4  in.  drops  so 
56 
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as  to  allow  for  any  larger  or  heavier  fixtures  than  a  gas  arc 
that  may  be  installed  at  some  future  date.  The  running  line 
in  stores  should  not  be  less  than  ^  in.  pipe  to  the  last  outlet. 

The  riser  in  a  cold  basement  should  be  located  at  least  4  ft. 
from  an  outside  wall.  If  the  owner  wants  the  meter  set  on 
the  outside  wall,  this  can  be  done,  provided,  however,  he  builds 
a  false  partition  of  wood  which  provides  an  air  space  of  not 
less  than  2  in.  between  the  partition  and  the  wall. 

The  drop  outlets  in  a  store  must  run  2j4  in.  below  an  unfin- 
ished ceiling  and  ij4  in.  below  a  finished  one. 

The  fitter,  upon  his  arrival  to  install  arcs  on  existing  oudets, 
should  first  ascertain  if  the  drop  is  sufficiently  strong  to  sup- 
port a  gas  arc  in  safety,  and  whether  the  gas  is  turned  on. 
When  everything  is  satisfactory  from  these  points,  he  should 
figure  out  the  height  his  lamp  should  be  suspended  above  the 
floor.  Although  the  solicitor  has  specified  on  the  order  that 
the  lamps  are  to  be  suspended  at  a  given  distance  above  the 
floor,  the  fitter  may  find  conditions  which  require  him  to  alter 
the  distance  specified.  The  height  at  which  an  arc  lamp  should 
be  hung  above  the  floor  must  be  ascertained  by  measuring  the 
distance  from  the  floor  to  the  lowest  part  of  the  lamp. 

The  following  tables  show  the  proper  heights  at  which  the 
arc  lamps  should  be  installed,  to  give  the  maximum  distribu- 
tion of  illumination.  All  arcs  should  be  hung  according  to 
these  tables  unless  the  installation  is  to  cover  some  special 
duty,  in  which  case  instructions  covering  such  installations 
should  accompany  the  work  ticket : 


Upright  gas 

arcs 

Inverted 
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of  ceiling 
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ceiUng  plates 

required 
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celling  plates 

required 
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from  floor 

8^ 

Yes 

6^ 
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When  the  height  of  the  ceiling  permits,  the  unit  should  be 
hung  as  nearly  lo  ft  above  the  floor  as  possible,  but  in  no 
case  less  than  8  ft.,  unless  there  is  some  stationary  desk  or 
counter  beneath  the  tmit,  so  as  to  protect  it  from  collisions. 
In  no  case  should  an  arc  be  hung  less  than  12  in.  from  any 
combustible  ceiling,  and  when  hung  12  in.  away,  it  must  be 
protected  by  a  metal  ceiling  plate  above  the  lamp  placed  at 
least  I  in.  away  from  the  ceiling,  so  as  to  allow  an  air  space 
between  plate  and  ceiling.  Where  the  ceiling  is  non-com- 
bustible, an  arc  may  be  hung  6  in.  from  it.  By  non-combust- 
ible is  meant  any  ceiling  that  is  plastered  on  tile  or  netting 
and  not  covered  with  wall  paper. 

After  the  fitter  has  hung  the  gas  arc,  he  should  get  down 
frcmi  his  step  ladder  and  move  away  several  paces  so  as  to 
size  up  the  lamp  from  different  points  to  see  that  it  is  hang- 
ing perfectly  straight,  as  a  crooked  lamp  is  always  an  "eye- 
sore" to  everybody.  When  he  is  convinced  that  there  are  no 
"angles"  to  his  lamp,  he  should  test  it  out  to  see  that  all  the 
connections  and  lamp  parts  are  perfectly  gas  tight,  and  that 
there  are  no  leaks.  Next  he  should  see  that  the  pilot  light  is 
properly  adjusted,  not  so  low  that  there  will  be  any  danger 
of  it  going  out,  nor  so  high  that  carbon  will  form  on  the 
lamp.  The  height  of  the  pilot  flame  should  not  exceed  }i  in. 
when  the  lamp  is  not  in  use,  and  3  in.  when  the  pilot  is 
flashed. 

Every  inverted  lamp  should  be  equipped  with  a  wire  net  at 
the  time  the  lamp  is  installed,  to  guard  against  any  broken 
glass  falling  on  material  or  persons  beneath  it. 

The  fitter  should  be  careful  to  see  that  the  gas  arcs  are 
properly  adjusted  and  that  no  broken  mantles  or  glassware 
are  on  the  tmit  before  he  leaves  the  premises,  and  as  soon  as 
the  installation  is  completed,  he  should  fully  instruct  the  con- 
sumer how  to  operate  the  unit  properly. 

Where  it  is  necessary  to  remove  an  electric  fixture  from  the 
existing  outlet,  the  fitter  should  use  the  following  precautions 
before  the  arc  lamps  are  installed :    Before  a  disconnection  is 
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made,  either  the  fuse  plug  on  the  line  should  be  removed,  or 
the  switch  controlling  that  circuit  should  be  opened.  One 
wire  should  then  be  cut  and  properly  insulated  by  wrapping 
the  exposed  end  with  rubber  tape,  and  then  covered  with  ad- 
hesive tape,  taking  care  that  no  part  of  the  wire  is  left  bare 
The  other  wire  should  then  be  cut  and  wrapped  in  the  same 
manner.  When  the  current  cannot  be  cut  off,  great  care 
should  be  taken  not  to  allow  the  ends  of  the  cut  wire  to  come 
in  contact  with  each  other  or  with  any  metal  part  of  the  fix- 
ture or  pipe,  as  this  will  cause  a  short  circuit.  The  fitter  must 
never  allow  the  bare  end  of  a  wire  to  touch  him  while  his 
hands  rest  on  the  fixture  or  pipe,  as  the  fixture  may  be 
grounded,  and  he  would  receive  a  shock. 

When  arc  lamps  are  installed  in  stores  or  factories  where 
there  is  an  automatic  fire  sprinkling  system,  the  fitter  should 
never  hang  the  arc  lamps  nearer  to  any  of  the  sprinkler  out- 
lets than  36  in.  from  the  top  of  the  arc,  where  the  products  of 
combustion  escape.  Actual  tests  have  proven  that  an  arc  can 
be  hung  within  18  in.  of  a  sprinkler  outlet  without  melting 
the  fusible  plug  that  holds  the  water  in  check,  but  in  every 
day  work  it  is  advisable  to  double  this  distance. 

Speciai,  Instali^ations. 
Where  a  company  expects  to  secure  new  business  or  to  re- 
tain the  business  they  already  have,  they  must  originate  new 
equipments  for  the  various  classes  of  business  they  serve,  or, 
in  other  words,  they  must  anticipate  the  needs  of  the  different 
consumers  and  be  ever  ready  to  assist  them  to  perfect  their 
various  classes  of  work. 

Photo  Equipment. 

There  has  been  an  increasing  demand  from  photog^phers 
for  a  lighting  equipment  that  would  g^ve  them  the  same  soft 
tones  that  they  receive  from  a  daylight  exposure. 

The  photo  studio  equipment,  as  shown  in  Fig.  4,  has  met 
with  great  success,  and  a§  we  have  equipped  a  good  many 
studios,  it  speaks  for  itself.    The  complete  unit  consists  of  a 
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regular  three  mantle  inverted  arc,  equipped  with  a  special  re- 
flector, our  special  "Daylight"  globe  and  "Daylight"  mantles. 
The  reflector  is  coated  with  aluminum  paint  on  the  reflecting 
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Fig.  4.— Photographic  studio  equipment. 

side,  and  black  on  the  back  so  there  will  be  no  cross  reflections 
that  may  strike  the  lens  of  the  camera.    This  reflector  is  so 
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constructed  and  attached  to  the  unit  that  it  can  be  so  adjusted 
that  the  light  can  be  reflected  wherever  desired  by  the  photog- 
rapher. 

To  properly  equip  a  studio,  there  should  be  installed  diree 
of  these  units  located  as  shown  in  Fig.  4. 

"Dayi^ight"  Gas  Arcs. 

Another  great  success  we  have  met  with  is  our  "Daylight" 
gas  arc  This  unit  is  similar  to  the  "Photo"  equipment,  bat 
has  a  mirror  reflecting  shade  instead  of  the  semi-paraboliB 
shade  as  shown  on  the  photographer's  unit. 

The  special  "Daylight"  globe  and  mantles  gives  us  as  iMtf 
daylight  results  as  can  be  procured,  proven  by  the  fact 
this  type  of  arc  has  displaced  practically  all  other  kinds 
so-called  daylight  producing  units. 

We  have  equipped  practically  all  the  colortype  pr 
houses  in  Chicago  with  this  unit  and  have  just  started  to 
vas  and  send  pamphlets  to  all  other  kinds  of  business 
which  require  artificial  daylight  for  securing  true  color  valtttt* 

We  have  only  been  installing  this  type  of  arc  for  the  pMt 
two  months,  and  up  to  date  have  installed  over  three  hundred 
and  are  constantly  receiving  requests  to  install  additioiHl 
units. 

Davxight  Instali^tion. 

Fig.  5  shows  a  typical  installation  of  the  *T)aylight**  gas 
arcs  in  the  printing  house  of  the  R^;ensteiner  Colortype  Com- 
pany, Chicago,  111.  As  can  be  seen  from  the  picture,  these 
units  are  installed  directly  above  the  presses  for  the  reason 
that  it  is  very  necessary  that  the  printed  sheets  have  true  day- 
light illumination  on  them  as  they  come  off  of  the  press  so  as 
to  allow  a  perfect  check  on  the  coloring  of  their  prints. 

Outdoor  Arcs. 

The  same  piping  rules  given  for  the  installation  of  indoor 
arcs  should  also  prevail  on  the  installation  of  outdoor  arcs. 
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In  all  instances,  extensions  for  outdoor  arcs  should  not  be 
less  than  ij4  in.  pipe. 

No  outside  arc  should  be  installed  less  than  12  in.  from 
any  combustible  material,  such  as  awnings,  woodwork,  etc. 
These  measurements  should  be  taken  from  the  t(^  of  the 
stack  where  the  products  of  combustion  escape,  or  from  the 


Fig.  5.— **Daylight*'  installation. 

outside  of  the  globe.  The  sagging  of  awnings  should  be  con- 
sidered and  measurements  shotild  be  made  so  that,  at  all  posi- 
tions of  an  awning,  the  lamp  will  never  be  nearer  to  it  than 
12  in.  Special  attention  should  also  be  given  to  the  installa- 
tion of  outside  arc  lamps  near  glass  windows. 

The  height  at  which  an  outside  arc  may  be  installed  varies 
according  to  the  use  for  which  it  is  intended,  but  in  no  case 
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should  it  be  hung  less  than  8  ft.  above  the  sidewalk.  The 
height  can  vary  for  special  occasions,  and  these  will  be  gov- 
erned by  the  rules  of  the  various  companies.  But  it  should 
be  borne  in  mind  that  the  higher  the  arc  is  hung,  the  greater 
will  be  the  radius  illuminated,  but  at  the  same  time  if  a  fair 
general  illumination  is  desired  with  an  intensive  illuminaticHi 
directly  under  it,  then  the  arc  should  not  be  hung  over  ten 
feet  above  the  sidewalk. 

All  outdoor  arcs  should  be  securely  fastened  so  as  to  elim- 
inate any  possibility  of  danger  from  high  winds.  If  the  ex- 
tension is  short,  then  there  will  be  no  necessity  of  braces,  but 
if  the  arc  extends  over  the  sidewalk,  then  a  brace  should  be 
provided  to  prevent  the  unit  from  sagging  or  swaying.  We 
have  found  that  chains  are  the  best  type  of  support  for  ex- 
tending brackets,  where  there  is  a  chance  of  attaching  them 
to  the  building  so  as  not  to  produce  too  sharp  an  angle.  The 
chains  will  allow  a  certain  amount  of  vibration  to  the  unit 
and  does  not  allow  the  short,  sharp  shocks  that  are  produced 
when  pipe  or  iron  braces  are  used  that  hold  the  unit  rigid. 

If  it  is  necessary  to  brace  the  unit  from  beneath,  then  the 
pipe  or  iron  braces  must  be  used,  but  these  can  be  so  attached 
to  the  bracket  so  as  not  to  hold  it  absolutely  rigid,  which 
means  a  big  saving  in  mantles  and  glassware. 

When  an  outside  arc  lamp  is  being  installed,  the  piping 
should  be  run,  or  changed  if  already  in,  to  prevent  the  con- 
densation from  draining  back  to  the  house  piping  or  meter. 
The  piping  should  be  so  arranged  that  all  condensation  will 
be  trapped  outside  of  the  building,  with  a  drip  consisting  of 
Ij4  in-  nipple  6  in.  long  and  equipped  with  a  reducing  fitting 
I J4  in.  X  J^  in.  If  the  drip  is  7  ft  or  more  from  the  sidewalk, 
a  ^  in.  short  nose  pet  cock  can  be  used ;  if  less  than  7  ft.,  the 
opening  should  be  closed  by  a  special  }i  in.  plug. 

In  case  connections  are  such  that  some  of  the  condensation 
collected  will  drain  to  the  head  of  the  lamp,  a  special  concealed 
lamp  drip  should  be  used  and  equipped  with  a  pet  cock  so  it 
can  be  drained  easily. 
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If  more  than  two  arcs  are  installed  and  the  length  of  ex- 

a^UHRE  TYPE  BRACKETB 


Fig.  6. — Square  top  brackets. 

posed  pipe  trapped  is  excessive,  then  the  length  of  the  pipe 
drip  should  be  increased. 

Square  Type  Brackets. 
Fig.  6  shows  different  forms  of  brackets  than  can  be  made 
up  with  the  special  45  deg.  and  square  head  fittings.    All  the 
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piping  that  extends  from  the  building  can  be  covered  with 
square  galvanized  casing  2  in«  in  diameter.  This  type  of 
bracket  is  supported  with  3/16  in.  plain  link  galvanized  chain, 
painted  the  same  color  as  the  brackets. 


BRFETY  FIRST  SUBBESTIDN. 


RED  3KIRT-> 


Pig.  7. — Safety  first  suggestion. 


We  are  making  this  casing  in  2  ft  lengths  with  interlocking 
ends,  that  will  permit  us  to  extend  any  length  desired. 
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From  actual  test,  this  type  of  bracket  has  eliminated  a  good 
many  frost  complaints  in  the  winter  months,  due  to  the  in- 
sulating effect  of  the  casing  around  the  pipe. 

Safbty  First  Suggestion. 
See  Fig.  7. 

The  Chairman:  I  would  suggest  that  you  lay  a  little 
emphasis  on  the  "Daylight"  paragraph. 

Mr.  Luther:  We  do  not  claim  absolute  daylight,  but 
very  dose  to  average  daylight  conditions.  The  first  installa- 
tion in  Chicago  was  strictly  competing  against  electricity.  At 
this  first  place  we  put  in  a  few  of  the  regular  lamps,  but  they 
were  ordered  out  because  they  did  not  match  the  electric  units. 
This  plant  was  using  practically  electric  daylight  units 
throughout.  We  secured  permission  to  make  a  series  of  ex- 
periments that  took  us  more  than  two  years  before  we 
convinced  them  we  could  produce  the  kind  of  illumination 
they  required.  I  might  state  that  their  manager  is  a  color 
expert.  He  was  hard  to  convince  that  we  had  something  he 
needed,  but  eventually  we  arrived  at  the  combination  of  the 
globe  and  the  mantle  that  gave  us  approximate  daylight,  and 
he  was  very  enthusiastic  over  it  when  he  saw  it  at  our  office. 
When  we  installed  it  in  his  plant  to  allow  him  to  make  com- 
parisons, he  was  not  so  enthusiastic;  he  would  not  say  any- 
thing, and  he  walked  back  and  forth  between  the  gas  and 
electric  units.  Then,  after  he  had  matched  the  colors  between 
the  two  units  and  "Daylight"  about  a  dozen  times,  he  was 
convinced.  He  gave  us  an  order  immediately  to  install  our 
daylight  lamps.  To-day  there  are  over  seventy-five  in  this  one 
place.  From  that  one  installation,  we  have  branched  off  to 
practically  every  other  printing  concern  in  the  city  of  Chicago, 
and  one  solicitor  has  been  doing  it  all.  He  was  thoroughly 
enthused  over  the  proposition  we  had,  and  understood  the  re- 
quirements of  the  different  concerns,  and  he  has  put  in  up  to 
date  (which  is  a  matter  of  practically  three  months)  over  800 
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"Daylight"  gas  arcs.  He  confined  himself  first  to  the  color- 
t3rpe  printers,  then  branched  oflf  to  large  clothing  and  silk  con- 
cerns. In  several  instances,  where  they  operated  their  own 
electric  plants,  by  putting  in  "Daylight"  gas  arcs,  he  made 
energy  available  for  power.  Every  one  of  these  installations 
is  practically  a  testimonial,  because  diflferent  concerns  are  re- 
ferred to  them  every  day,  and  by  this  method,  we  secure  a 
good  many  installations. 

We  claim  a  superior  quality  of  light  that  approximates 
daylight  nearer  than  any  light  our  customers  have  ever  useA 
For  instance,  in  one  colortype  plant,  the  Hennebury  Company, 
which  is  known  all  over  the  country,  they  generate  their  own 
electric  light  and  power.  I  visited  their  plant  with  several 
other  gas  men  about  a  month  ago,  and  learned  a  lot  of  things. 
Their  manager  was  very  enthusiastic  over  them,  and  he  took 
us  over  to  some  color  sheets  that  they  had  been  printing  for 
outside  covers  of  magazines.  He  called  our  attentk)n  to  a 
little  dot  on  the  sheet  that  the  average  person  would  never 
notice,  and  said  "You  see  that  dot  ?  Well,  that  is  the  day  man's 
work."  He  took  us  over  to  another  pile,  and  showed  us  one 
with  two  dots  on  it,  and  said,  "That  is  the  night  man's  work. 
Before  we  put  in  these  daylight  lamps,  we  never  had  to  put 
any  dots  on  them  at  all,  because  we  could  go  from  one  to  the 
other  and  tell  the  night  man's  work."  I  was  very  much  sur- 
prised, when  I  was  leaving,  to  find  out  that  he  was  an  electrical 
engineer.     (  Applause. ) 

The  Chairman  :  Those  of  you  who  have  this  paper  will 
notice  that  there  are  other  features  a  little  later  in  the  text 
which  Mr.  Luther  has  not  brought  out,  but  which  are  of  im- 
portance, and  show  a  new  direction  for  the  use  of  gas. 

Mr.  Norman  Macbeth  (New  York)  :  I  would  like  to  ask 
Mr.  Luther  if  he  would  prepare  a  paper  or  series  of  articles 
on  some  of  these  many  Chicago  installations,  bringing  out  the 
average  installation  and  maintenance  costs,  as  well  as  some  of 
the  other  interesting  points  resulting  from  their  wide  experi- 
ence, which  would  be  helpful  to  other  gas  companies  through- 
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out  the  country,  that  they  may  know  how  to  take  this  work  up 
profitably. 

Real  information  on  installation  and  maintenance  costs  is  not 
easy  to  secure,  and,  unfortunately,  there  are  not  many  gas  com- 
panies that  will  pass  this  information  along  even  when  they 
are  satisfied  with  their  own  results.  A  paper  of  considerable 
value  of  this  kind,  but  relating  to  electric  units,  was  presented 
by  men  from  the  Commonwealth  Edison  Company  of  Chicago 
at  the  recent  convention  of  the  Illuminating  Engineering 
Society.  Very  complete  information  was  given  on  many  fac- 
tory installations  of  electric  lamps.  The  rental  and  main- 
tenance contract  was  described,  installations  were  analyzed 
and  a  very  complete  idea  was  g^ven  in  such  a  manner  as  to 
be  available  in  other  cities  where  it  was  desired  to  take  on 
a  similar  proposition.  The  gas  men  are  older  and  have  more 
experience  in  this  work,  but  the  "help-the-other-fellow"  kind 
of  information  is  not  readily  available.  The  blanket  of  secrecy 
is  still  tightly  drawn,  and  for  some  reason  which  I  cannot 
understand.  Assuredly  your  competitors — if  gas  and  elec- 
tricity are  ever  in  competition — know  what  you  are  doing  and 
how,  and  the  giving  of  this  information  would  help  to  bring 
more  good  business  propositions  before  the  consumer,  to  the 
profit  of  gas  companies  all  over  the  country,  who  are  surely 
not  in  competition  with  each  other. 

Mr.  Luther  has  shown,  and  we  all  know  that  they  are  doing 
a  great  deal  of  very  excellent  work  in  Chicago.  We  have 
heard  so  much  about  good  consumers  and  poor  consumers, — I 
mean  from  the  standpoint  of  gas  lamps  and  gas  consumption. 
A  gas  lamp  may  be  too  small  to  be  considered  useful  to  the 
gas  company,  because  of  low  consumption.  That  should  be 
an  interesting  point  from  the  gas  company  standpoint  on  these 
"Daylight"  lamps.  I  had  not  noticed  the  spacing  of  outlets 
for  these  lamps  nor  whether  they  were  used  for  general  illumi- 
nation or  merely  for  local  illumination,  but  I  should  judge, 
considering  the  absorption  of  such  a  glass,  that  it  would  receive 
instant  endorsement  by  companies  not  interested  in  small  con- 
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sumption  units.  A  5-niantle  lamp  with  17  cu.  ft  per  hour, 
delivering  as  much  light  as  a  Junior  burner,  would  certainly 
be  free  from  the  criticism  that  it  was  not  worthy  of  a  gas 
man's  attention.  We  may  expect  to  see  fewer  flame  burners 
in  installations  where  this  color  appeal  can  be  made.  I  would 
like  to  ask  what  sources  of  light  were  in  use  in  these  estab- 
lishments before  the  "Daylight"  lamps  were  put  in,  whether 
incandescent  gas  or  electric  lamps? 

This  matter  of  accurate  color  identification  is  very  important 
to  many  lines  of  industry,  and  is  actually  worth  many  times  its 
cost  I  called  on  a  color  printing  man  the  other  day,  and 
asked  him  what  he  did  to  insure  proper  work  with  his  night 
shift,  and  he  said  he  trusted  to  Providence.  It  is  not  only  the 
mixing  of  colored  inks,  but  the  distributing  of  the  ink  to  the 
paper,  on  jobs  running  several  colors,  and  at  night  it  makes 
considerable  difference  whether  or  not  the  job  runs  through 
as  it  should.  Then  when  morning  comes,  they  have  the 
answer. 

There  is  one  point  to  which  I  do  not  see  any  particular  refer- 
ence as  to  the  kind  of  glass  used.  Blue  glass  is  referred  to, 
but  practically  all  these  "Daylight"  and  so-called  "Daylight" 
glasses  are  blue,  and  when  casually  examined,  they  appear 
as  blue  glass.  However,  there  is  a  great  deal  of  difference 
between  blue  glasses  in  their  light  transmission  characteristics. 
Two  pieces  of  "blue"  glass  are  in  the  technical  exhibit  down- 
stairs, one  of  which  is  properly  selective  in  its  absorption  to 
result  in  an  artificial  daylight,  and  the  other  is  a  blue  signal 
glass ;  both  are  lighted  with  the  same  lamp.  The  blue  signal 
glass  still  appears  blue,  while  the  specially  made  glass  appears 
white. 

Mr.  J.  P.  Hani^an  (Newark)  :  I  think  Mr.  Luther's  pres- 
entation of  this  paper  is  a  mighty  good  wie,  and,  thanks  to  him, 
we  are  getting  in  shape  to  try  out  the  "Daylight"  arc  We 
have  samples  on  order,  and  hope  to  make  a  number  of  mstal- 
lations  in  our  territory,  as  we  have  silk  mills  and  dyeing  estab- 
lishments, as  well  as  other  plants,  where  we  fed  this  arc  has 
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a  place. .  I  think  we  all  agree  that  there  is  a  rig^t  and  a  wrong 
way  to  install  gas  arcs,  whether  indoor  or  outdoor  arcs.  I 
believe  Mr.  Luther  has  given  us  some  information  here  that 
will  be  a  big  help  to  us.  A  gas  arc  is  not  sold  until  it  is  prop- 
erly installed,  because,  unless  so  installed,  it  cannot  give  the 
customer  satisfaction. 

Speaking  about  outdoor  arc  lighting,  it  would  pay  anyone, 
while  here,  to  go  around  New  York,  and  see  some  of  the 
examples  of  outdoor  lighting  that  have  been  made  within  the 
past  eight  months.  I  was  out  the  other  night,  and  saw  a  num- 
ber of  places  having  from  six  to  twelve  outdoor  arc  lan^s,  and 
they  were  giving  an  outdoor  lighting  service  that  would  com- 
pare with  any.  Many  of  these  outdoor  arcs  were  put  up  along- 
side of  nitrogen-filled  lamps.  ^Outdoor  arc  lighting,  if  we  make 
the  proper  installation,  is  very  profitable  business  for  the  gas 
company,  and  I  fed  sure  that  the  business  is  to  be  had  if  we 
will  go  after  it  and  make  the  installation  in  the  proper  manner. 

Mr.  J.  P.  CoNROY  (New  York) :  I  think  there  cannot  be 
too  much  stress  laid  on  some  points  given  in  Mr.  Luther's 
paper.  One  is  in  reference  to  the  manner  of  handling  lamps. 
We  have  found  it  necessary  to  enamel  nearly  all  gas  lamps,  as 
it  saves  the  chance  of  discoloration  or  rusting.  Keeping  the 
lamps  in  the  corrugated  paper  cartons  or  wrapping  them  to 
avoid  injury  is  important.  What  is  still  more  highly  impor- 
tant, as  we  have  known  for  a  long  time,  is  the  danger  of  chaff, 
dust  from  excelsior  or  straw,  getting  into  the  lamp.  Many  a 
lamp  installation  has  given  trouble  for  months,  either  with  the 
pilot  light  or  the  lamp  proper,  through  some  foreign  substance 
getting  into  the  lamp  between  the  time  it  was  packed  or 
unpacked  until  it  was  hung,  and  this  chaff  or  straw  will  btun 
inside  the  lamp  and  form  into  a  sort  of  ash,  and  stop  up  the 
small  passageway.  A  great  many  troubles  have  been  traced 
directly  to  that,  and  too  much  care  cannot  be  taken  in  that 
respect. 

In  reference  to  Mr.  Hanlan's  remark  about  seeing  outdoor 
lamps  here  in  the  city,  it  seems  to  me  that  a  large  majority 
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of  the  gas  companies  have  lost  sight  of  what  outdoor  lighting 
really  does  for  them.  In  these  times,  nearly  everybody  has 
some  form  of  indoor  lighting,  and  when  you  are  selling  indoor 
gas  lamps,  you  are  more  or  less  replacing  some  other  kind  of 
gas  lighting.  Here  in  New  York,  about  3,500  outdoor  lamps 
have  been  installed  in  the  last  six  or  eight  months,  and  in  nearly 
every  case,  in  a  place  where  they  did  not  use  any  other  kind 
of  outdoor  lighting  before,  meaning  absolutely  new  business. 
It  seems  to  me,  that  that  is  a  thing  a  gas  man  should  look  for 
to  increase  the  sales  of  gas  on  his  old  mains  and  services, 
and  it  is  my  belief,  and  I  think  after  carefully  considering  the 
matter,  you  will  all  feel  of  the  same  mind,  that  good  outdoor 
gas  lighting  is  the  best  business  to  develop  on  old  mains  and 
services. 

Mr.  G.  S.  Barkows  (Philadelphia)  :  I  would  like  to  know 
if  the  drip  for  arc  lamps  illustrated  in  the  paper  is  of  sufficient 
capacity  under  all  conditions,  and  if  it  is  so  designed  that  it 
will  safeguard  the  pilot  also. 

What  means  are  used  for  automatic  or  distant  control  of 
lamps ;  and  if  it  is  in  order  for  Mr.  Conroy  to  discuss  it  at  the 
present  time,  I  think  it  will  be  interesting  to  know  something 
about  the  use  of  the  mercury  valve,  which,  it  seems  to  me,  is 
a  highly  desirable  device,  if  it  is  reliable  under  all  conditions. 
If  it  is  not  reliable  under  all  conditions,  may  Mr.  Conroy  tell 
us  where  and  when  it  should  not  be  installed? 

Mr.  D.  E.  KeppElmann  (San  Francisco):  I  am  looking 
for  information.  Mr.  Barrows  mentioned  distance  lighting, 
which  I  am  very  anxious  to  hear  of,  and  also  in  addition  to 
that,  I  wanted  to  bring  out  a  discussion  on  the  question  of 
maintenance  of  gas  arcs.  In  that  discussion  I  am  anxious  to 
learn  whether  it  is  advisable  for  a  gas  company  to  put  out  a 
number  of  gas  arcs  at  a  certain  small  rental.  If  any  of  the 
members  are  renting  gas  arcs  in  this  way,  do  they  charge  the 
same  rental  to  all  consumers,  whether  they  rent  one  or  several 
dozen?  Is  it  advisable  to  have  a  sliding  scale?  We  have  in 
San  Francisco  10,000  arcs  on  the  system  at  the  present  time 
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which  we  own  outright  and  rent  to  the  consumer,  whether  he 
rents  one  or  two  dozen  arcs,  at  50  cents  for  each  arc.  Is  it 
advisable  to  charge  the  same  amount  for  each  arc,  or  should 
there  be  a  sliding  scale? 

Mr.  Conroy:  I  have  been  asked  to  describe  the  mercury 
valve.  The  operation  of  this  valve  seems  very  simple  to  me. 
The  arc  lamps  have  a  side  valve,  made  removable  so  they 
can  be  exchanged  if  worn  or  leaky.  This  mercury  valve  was 
so  designed  that  by  simply  removing  the  bolt  on  any  present 
type  of  indoor  or  outdoor  lamp,  you  can  take  off  the  old  valve, 
bolt  on  a  mercury  valve  having  in  it  a  little  well  about  i  %  in. 
in  diameter  and  in  depth.  In  this  well,  there  are  four  tubes  in 
which  the  gas  passes  from  the  main  supply  pipe  up  into  one 
main  tube  and  down  through  the  center  to  feed  the  burners. 
We  place  in  this  well  4  ounces  of  mercury,  and  a  little  double 
float  is  dropped  in.  When  the  float  is  dropped  clear  down,  its 
two  ends  dip  into  the  mercury  and  prevent  any  gas  from  pass- 
ing through.  The  supply  to  the  pilot  lights  leaves  the  valve 
before  it  gets  to  the  well,  so  that  with  the  float  down  and  the 
gas  all  cut  off  at  the  mercury  well,  the  pilot  can  be  maintained. 
We  have  gauged  this  float  to  lift  at  a  pressure  of  about  1.2  to 
1.5.  In  the  pipe  leading  to  the  lamp,  we  place  what  is  known 
as  a  by-pass,  on  the  side  of  which  is  a  small  passageway  which 
can  be  regulated  by  a  screw,  allowing  a  very  small  amount  of 
gas  to  pass.  With  this  by-pass,  one  or  more  arc  lamps  can  be 
operated.  You  simply  put  the  mercury  valve  on  the  lamp, 
turn  on  the  gas  and  adjust  lamps  in  the  rtgvXzx  way,  then  shut 
off  your  main  valve  and  adjust  the  by-pass,  so  that  the  gas 
passing  through  the  line  of  pipe  will  maintain  the  pilots.  You 
understand  those  pilot  lights  consume  all  the  gas  that  passes 
by  the  by-pass  valve ;  therefore,  it  does  not  build  up  a  pressure 
in  the  line  of  pipe  to  exceed  i.o.  At  any  time  when  you 
throw  the  main  valve  on,  the  full  pressure,  whatever  it  may 
be,  2.5,  3.0  to  4.0,  instantly  this  pressure  lifts  all  the  floats  in 
the  mercury  valves,  and  the  pilots  being  already  lighted,  in- 
stantly light  every  lamp.  When  you  turn  off  the  main  valve 
57 
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again,  you  shut  off  the  main  supply  of  gas,  the  pressure  in  the 
line  pipe  drops  and  the  mercury  floats  drop,  shutting  off  all  the 
lamps,  but  still  leaving  the  pilot  lights  burning. 

One  of  the  beauties  of  this  system  is  that  you  can  operate 
it  from  any  distance — several  hundred  feet.  No  distance 
seems  to  be  too  great,  because  you  don't  bleed  all  of  the  gas 
out  of  the  pipe. 

We  find  that  a  slight  evaporation  of  the  mercury  takes 
place,  so  that  it  may  be  necessary  once  every  three  months  to 
put  a  little  more  in.  The  only  other  objection  I  have  heard 
to  these  valves  was  within  the  last  day  or  two;  someone  said 
they  found  an  outdoor  lamp  swinging  in  the  wind,  and  there 
was  danger  of  the  mercury  spilling  into  the  tube.  I  do  not 
know  that  that  would  happen,  but  we  are  now  considering  the 
construction  of  a  rim  to  prevent  any  spilling. 

The  valve  will  operate  perfectly  on  any  of  those  lamps,  any 
distance  and  any  number,  so  far  as  we  have  been  able  to  try 
them  out,  and  you  can  utilize  any  present  line  of  pipe,  indoor 
or  outdoor,  providing  no  other  supply  is  taken  off. 

Mr.  a.  R.  Beai,  (Newburgh,  N.  Y.)  :  Were  those  mercury 
valves  adaptable  to  single  burner  units? 

Mr.  Conroy:  These  are  not  as  yet  adapted  for  single 
burner  or  other  kind  of  lamps,  but  I  know  of  no  reason  why 
those  valves  cannot  be  readily  adapted  for  almost  any  lamp. 

The  Chairman:  This  is  all  very  pertinent  to  your  sub- 
ject, and  I  hope  you  are  enjoying  it. 

Mr.  Barrows:  Will  Mr.  Conroy  go  a  little  further,  and 
tell  us  whether  or  not  he  knows  of  any  cases  of  annoyance 
due  to  the  presence  of  dirt  in  the  mercury? 

In  mercury  safety  seals,  I  have  found  that  the  mercury  will 
sometimes  collect  on  the  particles  of  dirt,  so  that  instead  of  a 
fluid,  it  becomes  an  aggregation  of  globules  of  mercury  that 
permits  the  passage  of  gas. 

I  have  heard  in  some  cases  where  there  is  a  noticeable 
variation  in  the  gas  pressure,  due,  perhaps,  to  inadequate 
piping,  that  when   the  number  of  lamps   is   increased,  the 
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pressure  will  drop  more  than  the  differential  necessary  to 
operate  the  valves,  and  some  of  the  lamps  may  be  extinguished. 
As  the  lamps  are  extinguished,  the  pressure  will  build  up,  and 
the  lamps  will  be  again  turned  up.  If  this  is  the  case,  we 
should  be  certain  that  our  piping  is  adequate.  Will  Mr.  Con- 
roy  tell  us  if  he  knows  of  any  such  cases? 

Mr.  Conroy:  In  our  experience,  we  have  not  found  that 
anything  gets  in,  because  the  gas  itself  does  not  pass  through 
the  mercury.  It  passes  through  four  tubes  and  comes  up  to 
the  main  tube.  The  mercury  acts  only  as  a  seal.  We  have 
figured  that  when  the  pressure  is  below  i.o,  it  is  hardly  possi- 
ble to  use  inverted  burner  lamps.  In  our  experimenting,  we 
found  that  from  1.5  to  6.0  had  no  effect  on  the  valve  what- 
ever. There  is  no  reason  why  we  cannot  weight  those  floats 
to  make  them  operate  all  right  at  even  higher  pressures. 

Mr.  Macbeth  :  I  judge  from  this  part  of  the  discussion, 
that  the  General  Gas  Light  Company  has  overlooked  one 
possibility  in  putting  out  this  mercury  valve,  namely,  that  it 
is  also  a  good  service  indicator,  depending  upon  how  pilots 
acted  in  controlling  this  valve.  As  we  already  know,  there  is 
a  vast  amount  of  trouble  in  keeping  pilots  lighted.  We  be- 
lieve that  where  a  pilot  is  adjusted  with  the  gas  pressure  at 
4  to  6  in.,  and  that  the  pressure  afterwards  drops  50  per  cent, 
to  2  or  3  in.,  the  pilots  would  probably  go  out.  Now,  with  the 
mercury  valves,  the  pilots  are  adjusted  at  about  i.o  in  gas 
pressure,  and  if  these  valves  fail  to  act,  owing  to  pressure 
changes  other  than  those  used  in  their  operation,  it  becomes 
an  indication  of  poor  service  conditions. 

Mr.  Luther:  Mr.  Keppelmann  asked  about  the  mainte- 
nance and  the  rental,  and  so  forth.  We  have  pilot  lamps  on  a 
rental  plan  strictly.  We,  of  course,  once  in  a  while,  sell  a  lamp, 
but  we  try  to  talk  every  customer  out  of  buying  it;  in  fact, 
we  don't  want  to  sell  a  lamp.  We  have  something  like 
100,000  arc  lamps  we  are  carrying  on  our  books,  that  belong 
to  the  company,  and  we  found  that  the  system  of  charging  for 
then?  on  a  sliding  scale  from  i  to  4,  from  4  to  12,  and  so  on 
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up,  has  worked  out  finely.  It  is  natural  that  the  consumer  who 
has  put  in  a  large  number  of  lamps  should  have  the  benefit  of 
a  different  rental  rate. 

We  have  about  50,000  of  the  old  standard  arcs  in  use  at  the 
present  time.  These  units  we  start  at  the  rate  of  50  cents 
each  a  month,  and  the  inverted  three-mantle  lamp  at  80  cents 
a  month,  and  drop  down.  By  charging  80  cents  a  month 
for  the  inverted  three-mantle  arc,  we  have  been  saved  the 
necessity  of  renewing  a  good  many  of  the  old  standard  arcs. 
As  Mr.  Macbeth  brought  out,  rental  vs.  selling  was  discussed 
at  the  National  Commercial  Gas  Association  meeting  last  year, 
and  from  the  discussion,  you  could  see  that  there  was  quite  a 
diversity  of  opinion ;  in  fact,  practically  everybody  had  a  dif- 
ferent opinion.  Naturally,  there  were  many  men  who  were 
selling  arcs. 

J  With  the  rapid  advance  made  in  the  last  few  years  in  new 
types  of  units,  it  seems  to  me  that  it  would  be  poor  policy 
to  sell  lamps,  for  we  must  all  be  in  position  to  take  care  of 
our  customers,  and  on  a  rental  basis,  if  the  customer  is  dis- 
satisfied, you  have  a  chance  of  keeping  him  satisfied  by  good 
maintenance,  and  as  a  last  resort,  putting  in  a  newer  type  of 
lamp.  If  you  sell  the  lamp  outright,  he  has  an  investment,  and 
nine  times  out  of  ten,  that  looks  like  a  mountain  to  him.  He 
cannot  see  the  necessity  of  throwing  away  the  old  lamp  and 
paying  for  a  new  one. 

The  Chairman  :  I  am  pretty  sure  I  have  seen  many  out- 
side arcs  that,  by  their  looks,  were  not  on  maintenance  nor 
rented. 

Mr.  G.  W.  Thompson  (Chester,  Pa.)  :  I  would  like  to  ask 
Mr.  Luther  if  he  will  tell  us  of  his  three-months-free  proposi- 
tion. At  Chester,  we  work  on  a  three-months-free  plan, 
charging  the  customer  for  nine  months  service,  and  giving  the 
summer  months  without  charge,  and  in  addition  to  that,  so 
as  to  overcome  idle  lamps  during  certain  periods  of  year,  wc 
allow  a  discount  of  10  cents  on  maintenance  charges,  p^ 
1,000  cu.  ft.  of  gas  burned,  providing  2,500  cu.  ft.  or  over,  arc 
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burned.    This  has  been  the  means  of  keeping  quite  a  number 
of  our  lamps  in  use  during  the  summer  months. 

The  Chairman:  Mr.  Luther,  you  might  sum  up  now,  if 
you  care  to  do  so. 

Mr.  Luther:  Mr.  Macbeth  spoke  about  a  paper  on  the 
cost  of  lamp  installations.  Personally,  I  think  it  would  be  a 
mighty  fine  thing  to  have  such  a  paper.  I  do  not  think  that  he 
meant  exactly  to  confine  it  to  the  cost  of  the  gas  alone,  but  to 
make  comparative  costs,  take  average  electrical  installations, 
for  instance,  as  compared  to  gas  installations.  If  a  paper  were 
written  along  those  lines,  I  think  it  would  enlighten  a  whole 
lot  of  us. 

In  reference  to  the  spacing  of  the  "Daylight"  arcs,  we  can 
go  into  a  factory  and  space  the  lamps  so  they  give  a  very  good 
general  distribution  of  illumination. 

Mr.  Macbeth  wanted  to  know  what  units  were  being  dis- 
placed by  these  arc  lamps.  Up  to  the  first  of  the  month,  we 
have  been  keeping  an  accurate  record — in  fact  we  are  doing  it 
now,  and  expect  to  continue  doing  so,  as  it  gives  us  some  very 
interesting  information.  By  installing  800  "Daylight"  arcs, 
we  displaced  over  1,500  electric  lamps,  and  2,800  arc  lights. 
The  electric  displacements  comprise  carbon  and  tungsten 
lamps,  "Daylight"  arcs  and  nitrogen  lamps. 

Mr.  Hanlan  brought  out  a  subject  that  I  think  everybody 
should  heartily  agree  with,  and  that  is,  that  we  surely  have  to 
get  out  after  that  kind  of  business.  It  is  a  well  known  fact 
that  if  we  want  anything,  we  have  to  go  after  it ;  we  cannot  sit 
down  and  let  it  come  and  expect  it  to  keep  on  coming.  If  we 
get  after  the  lighting,  especially  the  outside  lighting,  we  are 
boimd  to  get  it.  That  has  been  demonstrated  right  here  in 
New  York  City. 

Mr.  Conroy  made  the  remark  that  somebody  had  told  him 
about  the  chance  of  the  mercury  spilling.  I  think  he  got  that 
direct  from  Chicago.  The  other  evening  I  was  explaining  to 
Mr.  Humphrey  the  difficulties  we  had  experienced  on  some 
of  our  installations  from  the  mercury  slopping  over  into  the 
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valve  proper,  or  into  the  tube.  But  we  install  our  arc  lamps 
so  that  they  can  do  a  lot  of  swaying,  as  we  found  by  so  doing 
we  not  only  reduced  our  mantle  breakage,  but  also  our  glass 
breakage.  Naturally,  when  the  lamps  swing  so  much,  the  mer- 
cury is  bound  to  spill.  This  spilling,  I  am  told,  can  be  very 
readily  overcome  by  simply  extending  the  tubes  or  making  the 
inner  tubes  longer,  so  as  to  minimize  the  possibility  of  the 
mercury  slopping  over  into  the  tubes. 

Mr.  Barrows  asked  about  the  drips  as  mentioned  in  my 
paper, — whether  they  were  proving  satisfactory.  We  have  been 
using  these  drips  for  some  years,  and  in  the  exceptionally  cold 
weather  of  1912,  we  had  very  little  trouble  with  them.  These 
drips  simply  take  care  of  any  condensation  that  might  form 
between  the  building  and  the  lamps  proper.  Of  course,  all 
installations  have  very  large  drips  located  at  an  accessible 
point,  that  take  care  of  all  other  condensation. 

Mr.  Thomson  spoke  about  the  rental  plan  of  three-months- 
free.  In  Chicago,  we  allow  three  months  free, — ^June,  July  and 
August.  As  Mr.  Thomson  brought  out,  it  was  from  heat  alone 
that  we  experienced  any  trouble  at  all.  There  are  lots  and 
lots  of  consumers,  especially  the  smaller  ones,  who  close  their 
store  while  it  is  practically  daylight.  They  have  no  use  for 
any  artificial  light,  and  consequently,  if  we  charge  them  for  the 
lamps  during  those  months,  they  would  naturally  order  them 
out.  We  have  very  few  removals  in  the  summer  time,  and  I 
think  it  is  due  to  allowing  the  three  months  free.    (Applause.) 

The  Chairman  :  We  owe  a  vote  of  thanks  to  Mr.  Luther 
for  the  paper  which  he  has  kindly  prepared  and  so  thoroughly 
discussed. 

SYMPOSIUM  ON  ILLUMINATION. 

The  Chairman:  (Introductory  remarks  as  Chairman  of 
the  Committee  on  Illumination.)  By  looking  through  the 
records,  it  will  be  found  that  no  illumination  section  has  thus 
far  been  held  by  the  Gas  Institute  or  its  predecessors,  so  that 
there  was  new  ground  to  break.    One  of  the  first  things  to  be 
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considered  was  whether  there  existed  any  other  committee  in 
the  different  gas  associations  having  the  duties  which  might  be 
considered  as  belonging  to  the  Committee  on  Illumination. 

I  found  that  there  were  six  committees  of  the  National  Com- 
mercial Gas  Associations  which  might  be  considered  as  having 
duties  related  to  illumination,  and  that  two  of  these  at  this 
date  had  proceeded  so  far  with  their  work  as  to  define  their 
character  and  scope.  These  two  are  deserving  of  g^eat  credit, 
and  have  been  under  the  leadership  of  Mr.  R.  F.  Pierce,  in 
educational  work  on  the  subject  of  illumination,  and  under 
Mr.  L.  R.  Dutton,  in  the  "Gas  Equipment  of  the  Home."  The 
six  are : 

(i)  A  committee  on  indoor  lighting;  (2)  a  committee  on 
outdoor  lighting;  (3)  a  committee  on  the  gas  equipment  of  the 
home,  which  includes  lighting;  (4)  a  central  development 
bureau,  whose  statistical  department  is  engaged  in  the  collec- 
tion of  data  on  gas  lighting  which  would  be  of  great  value  to 
our  industry;  (s)  a  committee  on  salesman's  handbook,  which 
would,  of  course,  be  expected  to  contain  information  on  illumi- 
nation; (6)  the  educational  bureau. 

It  seems  undesirable  that  committees,  each  working  for  the 
good  of  the  same  industry,  should  duplicate  effort,  with  a  pos- 
isible  result  of  different  conclusions.  It  is  desirable,  therefore, 
in  opening  this  subject  for  discussion,  to  state  that  we  have 
met  here  for  the  purpose  of  discovering  in  what  way,  if  any, 
this  Committee  can  be  of  service;  and  in  so  doing,  I  recall 
your  attention  to  the  report  of  the  Technical  Committee  to  the 
Board  of  Directors,  in  which  a  session  of  this  nature  is  con- 
sidered experimental.  Whatever  else  we  may  conclude,  it  is 
perfectly  evident  to  me  that  the  impulse  leading  to  successful 
work  on  the  part  of  the  Committee  on  Illumination  must  issue 
from,  and  be  demanded  by,  the  members  themselves.  This  will 
give  the  assurance  that  those  in  the  audience  speaking  delib- 
erately for  their  companies,  are  willing  to  stand  back  of  their 
recommendations  with  an  expenditure  of  time  and  money,  if 
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need  be,  in  order  to  accomplish  an  increase  in  our  service  to 
the  public  in  more  and  better  gas  lighting. 

It  is  possible  that  many  came  here  to-day  with  the  thought 
that  they  are  to  hear  new  data,  or  to  have  retailed  to  them 
candle-foot  measurements,  or  a  discussion  of  direct  and  indi- 
rect lighting.  All  such  will  be  disappointed.  Such  papers  have 
not  been  given  to  this  Institute  in  great  measure,  but  they  have 
been  given,  and  I  will  recall  to  your  minds  some  of  them. 

In  1906,  Mr.  V.  R.  Lansingh,  fresh  from  his  participation  in 
the  forming  of  the  Illuminating  Engineering  Society,  enthused 
with  its  aims  and  with  what  he  conceived  it  ought  to  do  in 
making  our  product  more  useful  to  the  public  as  a  light  giving 
source,  came  before  us  at  Chicago  with  a  paper  on  "The 
Standardization  of  Gas  Mantles."  In  this  paper  he  outlined 
the  methods  by  which  competitors  were  succeeding.  He 
explained  to  us  some  of  the  things  which  we  should  do  in  order 
to  share  in  the  success.  Mr.  Lansingh's  paper  received  about 
a  minute  and  a  half  of  discussion  and  a  vote  of  thanks,  and 
although  a  motion  was  made  that  it  be  referred  to  the  Com- 
mittee on  Candle-power,  in  discussion,  this  motion  was  voted 
down,  and  nothing  happened  of  value  to  this  Institute  from 
his  efforts. 

Two  years  later,  in  1908,  Mr.  T.  J.  Litle  presented  a  paper 
on  "Better  Gas  Illumination,"  and  in  the  discussion  Mr.  Hare 
struck  a  keynote  in  advocating  that  the  best  place  for  this  to 
begin  was  in  our  own  show  rooms  and  windows,  and  by 
making  sure  that  our  salesmen  were  educated  in  the  prin- 
ciple of  good  lighting. 

In  1909,  the  Committee  on  Utilization  of  Gas  Appliances, 
while  not  extending  their  report  to  the  use  of  illtuninating 
fixtures,  yet  made  one  statement  which  is  of  direct  interest  at 
this  point,  namely :  "The  advantages  to  both  the  gas  company 
and  the  manufacturer  in  the  adoption  of  a  standard  design 
which  would  be  practically  unchanged  from  season  to  season 
are  obvious,"  and  they  went  on  to  say  that,  while  some  people 
might  consider  such  standardizing  of  apparatus  would  result 


Digitized  by  VjOOQIC 


905 

in  loss  of  inventiveness  and  ingenious  design,  yet  the  Com- 
mittee regarded  this  as  an  invalid  objection,  compared  to  the 
results  which  would  be  obtained  for  the  industry.  It  is  con- 
ceivable that  the  same  objection  would  be  equally  invalid 
against  standard  designs  of  gas  fixtures  and  units  for  different 
classes  of  illiunination.  We  must  remember  the  persistent 
vogue  of  the  dining  room  dome. 

In  1909,  we  had  also  an  excellent  paper  by  Mr.  Norman 
Macbeth,  on  "The  Practical  Application  of  Illuminating 
Engineering,"  in  which  strong  emphasis  was  laid  on  the  injury 
to  good  service  in  incandescent  gas  lighting  from  pressure 
changes  in  gas  service.  Mr.  Macbeth  analyzed  some  of  the 
requirements  of  good  service  for  lighting,  and  stated,  "A  stand- 
ardizing committee  of  this  Institute,  acting  with  the  manu- 
facturers of  gas  lighting  accessories,  would  seem  to  be  a 
necessity." 

Later  on,  in  1910,  we  had  a  paper  by  Mr.  Thomas  Scofield 
on  gas  lighting,  and,  as  you  will  remember,  in  1913,  there  was  a 
joint  session  with  the  Illuminating  Engineering  Society,  in 
which  there  were  presented  to  us  excellent  papers  by  Messrs. 
Millar,  Luckiesh  and  Luther. 

The  papers  above  mentioned  constitute  the  information  that 
has  been  presented  to  this  Institute  in  past  years  by  the  most 
expert  men  we  could  command,  written  and  delivered  in  the 
years  of  their  best  enthusiasm.  How  have  we  received  this 
information?  Has  it  provoked  us  to  hard  work  for  better 
gas  lighting?  Has  it  impelled  us  to  so  yearn  for  success  that, 
with  science  and  method,  we  set  about  improving  our  lighting 
conditions  in  the  faith  that  the  pleased  public  would  rally  to 
our  support  and  ask  for  more  of  our  kind  of  service?  It  is 
true  that  some  of  the  larger  companies  have  taken  up  good 
lighting  and  even  scientific  lighting,  and  it  would  be  data  of  the 
greatest  interest  to  us  here  to-day  if  we  could  hear,  to  what 
extent  those  companies  had  been  successful,  compared  with 
those  who  had  failed  to  make  effort  in  this  direction. 

What  statistical  data  have  we  to  show  whether  or  not  we 
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are  losing  the  lighting  business?  Certainly  none  which  has 
been  gained  by  our  gas  associations,  and  yet  this  would  seem 
to  be  a  l^itimate  field  of  inquiry  for  a  Committee  on  Illumi- 
nation, and  this  inquiry  will  require  the  response  and  co- 
operation of  every  company  approached.  The  only  data  of 
this  kind,  national  in  scope,  which  I  have  been  able  to  obtain, 
is  that  published  by  the  United  States  Geological  Survey  on 
gas  output,  and  this  I  will  read : 

1908  M*s  cubic  feet 

Coalgas 56.944,669 

Water  gas 1 10,237,203 

Total 167,181,872 

Illuminating  coal  gas 32,485,571 

Illuminating  water  gas 76,804.546 

109, 290, 1 1 7..  65.4  *t 

Fuel,  coal 21,076,242 

Fuel,  water  gas 26.542,951 

47.6i9,i93--28.5% 

Unaccounted  coal 3»382,856 

Unaccounted  water  gas 6,889,706 

2-     10.272,562..  6a % 

167,181.872 
1912 

Coal  gas 93»369»«>i 

Water  gas  I34.707.509 

Total 228,076,510 

Illuminating  gas 31,864,052 

Illuminating  water  gas 68,136,269 

100.000,321.. 43.8^ 

Fuel,  coal 57,829,320 

Fuel,  water  gas 54.561,527 

112.390.847- -493^ 

Unaccounted  coal  gas 3,675,629 

Unaccounted  water  gas 12,009,713 

15,685,342..  6.9^ 

228,076,510 

It  would  appear  that  in  four  years  of  the  very  period  I  have 
been  discussing,  there  has  been  a  loss  of  gas  consumed  for 
lighting  purposes  of  9,000,000,000  cu.  ft.,  and  a  loss  in  per- 
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centage  of  the  gas  used  for  lighting  purposes,  from  65  to  44 
per  cent.  This  is  an  indication  of  the  emphasis  which  has  been 
laid  by  our  industry  on  heating  and  cooking  as  contrasted  with 
lighting.  To  drive  home  this  point,  the  following  electric 
figures  given  are  eloquent.  These  figures  indicate  types  of 
lamps  in  use. 

1907  1912 

Arc  lamps,  public 289,391  351,858 

Arc  lamps,  commercial 266,322  153,395 

ToUl 555 . 7 1 3  505 .395 

Incandescent  lamps,  public 808,693  2,033,631 

Incandescent  lamps,  commercial 40,637,304  74,450,265 

Total 4i.445»997  76,484,096 

Nernst,  vapor,  etc.,  public 5, 716  912 

Nernst,  vapor,  etc.,  commercial 156,622  22, 134 

Totol 162,338  23,046 

It  is  seen  that  the  electric  incandescent  lamps,  over  practi- 
cally the  same  period,  increased  from  41,000,000  in  1907  to 
76,000,000  in  1912,  in  the  United  States. 

It  may  be  that  we  shall  find  those  in  the  audience  who  will 
dispute  these  figures,  but  whoever  speaks,  should  speak  from 
as  large  an  experience  in  gathering  data  as  the  government 
report  just  shown. 

But  do  we  wish  this  apparent  sltmip  to  continue?  Is  there 
any  other  outlet  for  our  energy  that  so  importantly  advertises 
itself  and  our  business  as  does  this  lighting  outlet? 

I  have  especially  requested  that  there  come  before  us  to-day 
those  who  are  deep  pessimists  on  the  subject  of  gas  lighting. 
We  need  your  story  and  data.  For  the  love  of  candor,  if  there 
is  any  deep  feeling  in  you  to-day  on  this  keenly  important 
subject  (and  I  know  there  is,  or  you  would  not  be  here), 
whether  pessimistic  or  optimistic,  please  let  it  out,  so  we  may 
know  exactly  where  we  stand. 

This  is  not  intended,  however,  as  a  mere  "experience  meet- 
ing," where  steam  is  to  be  let  off,  reducing  us  to  atmospheric 
pressure  and  incapable  of  further  work  or  initiative.    I  have 
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hoped  to  see  present  here,  men  who  could  so  adequately 
represent  their  several  companies  as  to  speak  with  the  back- 
ing of  their  companies,  of  any  plan  of  action  which  we  may 
undertake.  As  I  have  stated,  we  do  not  wish  to  duplicate 
effort.  There  are  those  present  who  can  inform  us  whether, 
in  their  opinion,  any  contemplated  action  would  be  duplicating 
effort.  The  question  then  is,  what  work  is  there  for  us  to  do, 
and  does  it  seem  of  sufficient  importance  to  warrant  the  con- 
tinuance of  this  Illumination  Section  and  of  a  committee  on 
illumination  to  effectively  sustain  it?  In  order  that  we  may 
not  appear  to  be  without  definite  subjects  around  which  debate 
may  center,  I  will  state  at  least  three  possible  avenues  of  work^. 
and  then  open  the  meeting  to  your  opinions : 

(i)  I  believe  it  is  possible  to  agree  upon  at  least  partially 
standardized  lighting  equipments  for  different  kinds  of  ser- 
vice, which  may  be  grouped  in  large  classes,  leaving  room  with 
each  equipment  for  such  decorative  changes  as  may  be  neces- 
sary, but,  at  the  same  time,  without  seriously  altering  the 
quantity  or  distribution  of  light  that  issues  from  such  equip- 
ment. I  believe  this  is  important,  and  I  shall  discuss  it  some- 
what right  here. 

Our  industry  has  for  some  80  years,  with  increasing  sat- 
isfaction and  decreasing  cost,  furnished  light  to  consumers. 
Even  with  the  Geological  Survey  figures  given  above,  it  is 
not  conclusive  that  we  are  losing  the  old  consumers,  who  may 
merely  be  changing  from  open  flame  to  incandescent  mantle 
service,  but  more  likely,  that  we  have  failed  to  gain  the  new 
consumers.  We  should  be  able  to  display  for  and  to  encour- 
age the  purchase  by  our  consumers,  of  lighting  appliances  whose 
merits  lie  in  their  being  right,  and  not  merely  in  their  being 
new.  In  much  of  the  past  history  of  lighting,  there  has  been 
no  true  analysis  of  needs  upon  which  to  base  design  or  in- 
vention. We  have  laid  stress  upon  the  beauty  or  the  novelty 
of  the  thing  we  have  supplied,  and  in  doing  this,  we  have  done 
exactly  what  our  competitors  have  done.  This  leaves  open 
an  excellent  opportunity. 
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In  a  campaign  just  beginning  in  one  of  our  large  cities,  I 
have  read  with  pleasure  this  claim  in  the  advertising:  "We 
have  studied  the  needs  of  this  city  and  have  designed  a  lamp 
which  will  meet  those  needs."  Now,  if  it  be  true  that  such 
study  has  been  complete  and  that  the  design  has  resulted  from 
careful  analysis  of  the  needs,  it  is  a  safe  prediction  that  the 
placements  which  will  result  are  good  for  15  or  20  years, 
with  much  fuller  satisfaction  to  the  consiuner  than  usual 
and  with  his  resultant  good  will.  Such  a  placement  will  be 
able  to  give  the  laugh  to  the  slogan,  "If  it  isn't  electric,  it 
isn't  modem,"  and  it  will  lead  to  a  healthy,  candid  examination 
as  to  whether  modernity  alone  is  a  characteristic  of  such 
proven  importance  as  to  warrant  the  sacrifice  of  one's  better 
judgment. 

We  have  been  engaged  in  the  past  few  years  in  sounding  the 
slogan  of  the  "all-gas  kitchen,"  and  whether  so  intended  or 
not,  it  seemed  to  many  like  the  surrender  of  the  remainder 
of  the  house.  This  error  is  being  rectified  with  elegant  effec- 
tiveness by  the  booklet  of  the  National  Commercial  Gas  Asso- 
ciation, entitled:  "The  Gas  Equipment  of  the  Home."  It 
makes  widely  evident  the  fact  that  a  house  may  be  of  artistic 
design,  harmoniously  decorated,  conveniently  arranged,  and 
that  all  these  qualities  are  enhanced  by  the  proper  application 
of  gas  lights. 

(2)  The  second  topic  which  I  suggest  for  discussion  is  that 
of  devising  a  scheme  for  collecting  data  to  prove  or  disprove 
the  Geological  Survey  report  before  mentioned,  and  by  means 
of  which  we  may  establish  a  basis  in  future  to  judge  whether 
gas  lighting  is  increasing  or  decreasing. 

As  I  have  stated,  a  committee  of  the  National  Commercial 
Gas  Association  is  engaged  in  work  which  seems  to  cover  this 
same  information.  This  is,  however,  the  proper  place  in 
which  to  emphasize  to  those  engneering  members  of  our  in- 
dustry the  importance  of  co-operation  in  this  work.  It  may 
be  that  it  will  be  found  necessary  among  the  well-to-do,  the 
middle  class  and  the  poorer  class  in  a  large  number  of  cities. 
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to  put  in  separate  meters  in  random  groups  of  twenty  or  fifty 
to  establish  the  ratio  between  fuel  and  lighting  consumption, 
and  to  study  the  use  of  open  flame  and  incandescent  burners. 
This  entails  expense,  and  we  should  discuss  here  whether  or 
not  the  expense  involved  is  warranted  by  the  data  needed. 

(3)  If  we  were  to  have  a  sub-committee  on  complaints,  the 
analyzing  and  classifying  of  these  complaints  would  soon  show 
in  what  direction  our  engineering  effort  must  be  made  in  order 
to  overcome  these  lapses  from  good  service.  Here,  again,  the 
engineering  members  of  the  profession  are  keenly  interested. 
They  are  the  ones  who  are  responsible  for  the  saturated  or 
unsaturated  condition  of  the  gas;  for  the  sulphur  content;  for 
the  pressure  variations;  for  the  fluctuation  consequent  upon 
poor  governing  of  intenpittent  appliances. 

There  would  seem  to  be  plenty  of  work  to  do.  The  present 
is  the  time  for  us  in  discussion  to  sift  sentiment,  condense 
opinion  and  to  solidify  our  decision  as  to  what  work  is  best 
worth  doing. 

Gentlemen,  the  meeting  is  now  open. 

Mr.  C.  M.  Cohn  (Baltimore)  :  1  want  to  accept  your  chal- 
lenge to  discuss  the  subject  of  gas  illumination  from  a  prac- 
tical standpoint.  In  the  first  place,  I  want  to  point  out  that  the 
statistics  quoted  of  the  United  States  Geological  Survey  do  not 
reflect  at  all  on  gas  lighting  as  such.  The  quantity  of  gas  sent 
out  in  Baltimore  during  the  day  light  hours,  figuring  from 
6  A.  M.  to  6  p.  M.,  is  greater  now  than  the  quantity  sent  out 
during  the  night  hours.  Following  your  reasoning,  that  indi- 
cates a  decline  in  the  amount  of  gas  used  for  illumination. 
As  a  matter  of  fact,  although  the  quantity  of  gas  sent  out 
during  the  daylight  hours  is  greater  than  the  quantity  sent 
out  during  the  night  hours,  there  has  never  been  a  year  when 
the  quantity  sent  out  during  the  night  hours  has  not  increased 
over  the  preceding  year.  It  might  be  correctly  reasoned,  there- 
fore, that  the  quantity  of  gas  used  for  illimiination  in  Balti- 
more, is  constantly  on  the  increase.    I  think  it  is. 

Now,  you  have  extended  a  special  invitation  to  the  pcssi- 
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mists.  I  do  not  accept  your  invitation  as  such,  because  I  am  not 
in  that  class.  I  do  not  want  to  be  understood  as  responding  on 
behalf  of  the  pessimists.  Artii&cial  gas,  up  to  a  few  years  ago, 
was  commonly  referred  to  as  illuminating  gas.  That  designation 
has  been  criticised  lately  on  account  of  the  very  large  quantity 
of  gas  which  is  used  on  a  heating  basis,  and  this  condition  has 
perhaps  caused  the  impression,  too,  that  the  amount  of  gas 
used  for  illumination  is  declining.  I  think  that  is  not  a  proper 
inference.  It  simply  indicates  that  artificial  gas  for  illumi- 
nation is  now  being  used  very  much  more  efficiently  in  the  in- 
candescent burners  than  it  was  before  in  the  open  flame,  when 
the  candle-power  was  the  main  consideration  and  not  the  heat- 
ing value  of  the  gas.  As  to  the  future  of  gas  lighting,  I  feel 
that  the  first  way  to  insure  the  more  extensive  use  of  gas  for 
illuminating  purposes,  is  to  take  such  steps  as  may  be  necessary 
to  insure  good  lighting  service  from  the  present  gas  install- 
ations. In  other  words,  it  is  a  serious  thing  in  the  gas  business 
to  lose  any  gas  lighting  business  because  of  bad  service.  Bad 
gas  service  may  not  be  due  to  failure  on  the  part  of  the  gas 
company  to  do  the  things  which  it  may  be  strictly  required 
to  do.  It  may  be  traceable  to  the  fault  of  the  consumer  in 
not  making  proper  provisions  for  gas  lighting,  but  whatever 
the  reason  is,  it  is  incumbent  upon  the  gas  company,  as  far 
as  practicable,  to  see  that  consumers  have  good  gas  lighting, 
if  they  have  gas  lighting  at  all,  and  not  lose  business  because 
of  bad  gas  lighting  conditions.  In  that  connection,  I  think  it 
is  highly  important,  and  in  fact  an  obligation  on  the  gas  com- 
panies, to  urge,  wherever  possible,  the  more  extensive  use  of 
the  incandescent  gas  lighting,  and  the  elimination,  as  far  as 
practicable,  of 'the  open  flame  burner. 

I  think  it  is  also  important  to  have  information,  as  far  as  it 
can  be  gotten  without  too  much  trouble,  as  to  the  amount  of 
gas  actually  used  in  various  cities  in  open  flame  burners.  That 
is  information  which  is  being  asked  for  in  places  where  the 
question  of  whether  gas  should  be  on  a  candle-power  basis  or 
a  heating  value  basis  is  under  consideration. 
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The  Chairman  :  Have  you  any  accurate  method  by  which 
to  determine  that? 

Mr.  Cohn  :  It  could  be  done  by  makii^  a  canvass  of  con- 
stuners,  taking  blocks  of  (say)  one  himdred  or  more  in  various 
sections,  so  as  to  get  a  fair  average  of  the  general  conditions 
existing. 

The  Chairman  :  Are  you  able  to  distinguish  or  tell  easily 
the  difference  between  fuel  and  lighting  constunption  in  your 
city? 

Mr.  Cohn  :  The  main  check  we  have  on  that  is  the  amount 
of  gas  sent  out  during  the  daylight  hours  and  the  amount  of 
gas  sent  out  during  the  night  hours. 

I  would  like  to  hear  to-day  something  about  how  we  can 
minimize  the  pilot  troubles  we  have  had.  They  are  very  dis- 
agreeable to  the  consumer  and  reflect  seriously  on  the  practi- 
cability of  gas  lighting  and  are  a  considerable  expense  to  the 
company. 

Mr.  Norman  Macbeth  (New  York) :  One  thing  I  have 
feared  from  my  close  interest  in  gas  lighting  and  my  observa- 
tions from  time  to  time,  is  that  a  great  many  of  the  gas  men 
of  to-day  have  buried  gas  lighting.  They  are  through  with  it. 
There  is  one  point,  however,  in  their  duty  to  their  former  cus- 
tomers, which  they  should  not  overlook,  and  that  is  (I  quote 
Mr.  Wakeman,  General  Manager  of  the  Society  for  Electrical 
Development),  that  one  year  ago  there  were  "not  20  per  cent, 
of  the  houses  within  reach  of  central  station  service  that  were 
even  wired,  and  of  those  houses  wired,  not  i  per  cent,  were 
using  electricity  to  the  fullest  extent."  If  the  gas  companies 
renege  on  the  houses  that  are  now  piped  and  on  those  new 
houses  that  should  be  piped,  they  are  going  to  force  electric 
service  on  consumers  before  they  want  it,  and  perhaps  before 
the  electric  companies  can  take  care  of  it.  The  electric  com- 
panies, just  now  at  any  rate,  seem  averse  to  making  exten- 
sions. If  the  gas  man  is  disposed  to  cut  out  gas  lighting,  he 
ought  to  do  it  gradually,  and  give  the  consumer  an  opportunity 
to  prepare  for  the  change  over.     I  remember  going  over  some 
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photographs  a  short  time  ago,  taken  in  one  of  our  Eastern 
cities,  of  "all-gas  kitchens/'  A  great  deal  was  said  about  the 
wonderful  work  which  had  been  done  on  gas  kitchen  install- 
ations, but  some  of  these  "all-gas  kitchens"  had  kerosene 
lamps  hanging  on  the  walls.  Even  though  this  was  in  com- 
bination territory,  I  do  not  believe  there  would  have  required 
as  much  sales  eflFort  to  replace  the  kerosene  lamps  with  good 
gas  lamps  as  was  brought  to  bear  on  the  "all-gas  kitchen." 
It  was  merely  that  the  salesman  was  not  required,  or  may 
have  been  forbidden,  to  encourage  the  sale  of  gas  lamps. 

A  question  which  Mr.  Cohn  referred  to  and  to  which  other 
references  have  been  made,  would  seem  to  be  within  the  sphere 
of  this  association,  that  is,  getting  good  gas  at  uniform  pres- 
sure, of  uniform  quality,  and  of  uniform  specific  gravity. 
This  is  important  not  only  for  gas  lamps,  in  which  not  all  gas 
men  are  interested,  but  is  also  of  importance  with  fuel 
burners.  The  American  Gas  Institute  is  surely  deeply  inter- 
ested in  the  manufacture  and  distribution  of  a  means  to  secure 
uniform  service  in  the  appliances  in  use.  The  gas  engineer 
is  not  through  when  he  has  turned  a  something  into  the  mains 
at  a  pressure  greater  than  atmospheric  pressure.  In  looking 
over  the  situation,  it  seems  to  me  that  there  is  an  opportunity 
for  excellent  work  by  a  committee  of  this  association  on  light 
and  illumination. 

The  National  Commercial  Gas  Association  is  primarily  an 
association  of  salesmen  and  sales  managers,  men  whose  busi- 
ness it  is  to  develop  the  sales  side  of  the  field,  to  place  in  service 
those  appliances  which  you  engineers  approve.  Fuel  burners  are 
approved  by  the  American  Gas  Institute,  but  no  attention  has 
been  paid  to  the  mantle  burner.  This  field  is  large,  or  larger 
than  the  fuel  field,  and  is,  I  believe,  at  the  present  time  carrying 
a  larger  investment  in  cheap  materials,  in  gas  service  depre- 
ciating opportunities,  than  the  fuel  field  ever  afforded.  The 
National  Commercial  Gas  Association  has  a  very  insecure 
hold  on  lighting,  and  without  the  proper  appliances,  can  do  but 
little  without  the  interest  and  backing  of  the  engineers  in  the 
S8 
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American  Gas  Institute.  If  the  engineers  do  not  appreciate 
the  importance  of  gas  lighting,  then  they  should  either  agree 
to  forget  it,  or  to  appreciate  it.  There  are  still  many  thousands 
of  houses  and  buildings  that  have  never  been  wired,  and  these 
buildings  are  not  being  given  the  lighting  service  that  they 
ought  to  have. 

Of  course,  the  gas  lamp  manufacturers  are  blamed.  It  has 
always  been  interesting  to  me  to  hear  gas  men  bewail  the 
crudeness  and  high  cost  of  our  gas  lamps  and  fixtures.  All 
are  looking  for  lOO  per  cent,  performance.  The  electric  man 
does  not  get  lOO  per  cent.  His  appliances  are  not  loo  per 
cent,  perfect.  They  are  not  loo  per  cent,  trouble  free,  I 
know  gas  men  who  are  to-day  taking  to  the  woods  on  outdoor 
lighting  because  of  the  nitrogen  filled  electric  lamp.  If  they 
were  really  familiar  with  the  situation,  they  would  not  give 
up  until  they  had  to,  and  considering  the  many  thousand  dark 
places  available,  it  may  be  50  years  before  that  time  arrives. 
The  fact  that  the  commercial  man  is  not  in  a  position  to  take 
care  of  all  these  distribution  matters,  has  been  proven  in  not 
a  few  installations  where  the  engineers  have  not  interested 
themselves  beyond  the  consumer's  meter,  and  we  find  locations 
where  four  or  five  arc  lamps  have  been  supplied  from  a  ^-in. 
line.    No  gas  engineer  would  permit  such  an  installation. 

There  are  no  standards  to-day  as  regards  quality  of  either 
mantles  or  lamps,  gas  or  gas  service,  all  of  which  are  matters 
logically  up  to  the  American  Gas  Institute.     (Applause.) 

Mr.  T.  J.  LiTLE  (Gloucester,  N.  J.) :  There  are  certain 
men  pretty  high  in  the  electrical  industry  who  believe  that  gas 
lighting  could  be  greatly  increased  in  extent  if  greater  sales 
energy  were  placed  behind  it,  and  furthermore,  if  this  had 
been  the  case  in  years  gone  by,  it  would  have  been  very  much 
more  difficult  for  the  electric  light  to  have  gained  so  great  a 
headway.     This  may  be  true  in  many  localities. 

Mr.  W.  J*  Cahill  (Utica,  N.  Y.) :  In  reference  to  the 
volume  of  gas  sold  for  lighting  and  fuel  purposes,  I  have  some 
information  that  may  be  of  interest. 
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We  have  a  two  meter  system.  We  charge  $i.oo  for  fuel 
and  $i.io  for  lighting.  During  the  past  four  years  our  lighting 
load  has  remained  stationary.  The  gain  has  been  along  the 
line  of  fuel ;  that  is,  for  industrial  appliances,  gas  ranges,  water 
heaters,  and  so  forth.  We  canvass  for  gas  arcs,  both  indoor 
and  outdoor.  We  have  maintained  a  separate  shop  for  piping 
old  houses,  that  is,  houses  that  were  built  years  ago  and  had 
no  means  of  gas  lighting.  We  have  also  followed  up  the 
architects  to  give  us  a  chance  at  piping  houses.  We  canvassed 
every  year  for  incandescent  gas  lighting,  and  with  all  that 
effort  and  work,  our  lighting  load  has  remained  practically 
unchanged  since  1910.  Our  increase  has  been  along  the  line 
of  fuel.  In  my  home,  I  have  an  automatic  heater  and  a  gas 
range  used  twelve  months  in  the  year.  I  have  three  incandes- 
cent lights,  all  of  which  I  use,  and  the  balance  are  open  flame. 
The  lighting  bill  is  about  $5.00  and  the  fuel  about  $7.cx)  per 
month. 

Mr.  Cohn  stated  that  his  6  p.  m.  to  6  a.  m.  lighting  output 
continually  shows  an  increase.  Is  that  not  occasioned  some- 
what by  the  fact  that  during  the  past  two  or  three  years  the 
automatic  water  heater  has  come  into  more  general  use?  That 
means  fuel  gas.  Also,  gas  ranges  have  displaced  coal  ranges. 
I  think  our  situation  in  Utica  is  just  the  same  as  anywhere. 
We  have  carried  on  the  same  canvass  for  new  business  prac- 
tically as  any  of  the  other  gas  companies.  I  will  not  say  we 
are  the  best ;  I  do  not  think  we  are  the  poorest.  We  are  also 
up  against  the  very  stiff  proposition  that  our  company  has 
water  power  for  the  generation  of  electricity,  which  it  sells 
at  a  very  low  rate,  on  a  sliding  scale.  That  makes  it  difficult 
to  secure  factory  lighting,  or  anything  like  that,  for  gas.  I 
just  mention  these  figures  as  to  the  proportion  of  fuel  and  light 
sales,  based  on  the  consumption  of  1910,  1911,  1912,  1913  and 
1914,  because  I  thought  th.ey  might  be  of  interest,  and  because 
if  you  have  two  meters,  you  have  a  very  easy  method  of  com- 
puting the  volume.  Our  output  was  460,000,000  ft.  in  the 
year  1910. 
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Mr.  Cohn:  I  do  not  want  Mr.  Cahill  to  mislead  any  one 
here  unwittingly  on  the  subject  of  gas  lighting.  The  very  first 
thing  he  tells  you  is  that  they  have  two  rates  there,  and  the 
highest  rate  is  for  gas  lighting.  Why  should  there  be  any 
difference?  They  start  right  out  with  a  discrimination  against 
gas  lighting,  and  then  tell  you  they  cannot  get  the  gas  lighting, 
but  they  do  get  the  fuel.  I  will  ask  Mr.  Cahill  to  tell  you  how 
many  incandescent  gas  burners  he  sold  during  the  last  12 
months  ? 

Mr.  CahilIt:    I  dare  say  several  thousand. 

Mr.  Cohn  :    In  Baltimore  we  have  sold  50,000. 

Mr.  Cahill:    Compare  the  size  of  the  towns. 

Mr.  Cohn  :  You  sold  2,000  against  our  50,000.  Is  the  rela- 
tive difference  in  population  of  Baltimore  and  Utica  that? 
What  is  the  population  of  Utica? 

Mr.  Cahill:  Eighty-five  thousand.  I  said  several  thou- 
sand lamps,  not  2,000.  What  did  you  displace  by  the  incan- 
descent lamp,  open  flame  burners,  or  was  it  all  new  business  ? 

Mr.  Cohn:    The  population  of  Baltimore  is  600,000. 

Mr.  Cahill:    What  are  your  electric  rates? 

Mr.  Cohn  :  The  maximum  rate  is  8j4  cents.  What  is  your 
maximum  electric  rate  for  residence  lighting  in  Utica? 

Mr.  Cahill:    Ten  cents. 

Mr.  Cohn:  I  am  talking  about  residence  lighting  because 
there  is  where  we  are  going  to  get  the  bulk  of  our  gas  lighting. 

Mr.  Cahill:    What  is  your  minimum  rate? 

Mr.  Cohn  :    One  cent. 

Mr.  G.  S.  Barrows  (Philadelphia) :  Referring  to  Mr. 
Cahiirs  statement  that  the  lighting  output  has  remained  the 
same,  does  he  mean  the  lighting  output  per  meter,  or  the  total 
lighting  output?  If  it  is  the  latter,  then  because  of  the 
increase  in  meters,  the  use  of  gas  for  lighting  per  meter  has 
decreased. 

Mr.  Cahill:  That  is  my  idea;  the  total  lighting  load  re- 
mains the  same. 
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Mr.  Macbeth  :  I  would  like  to  ask  a  question.  There  are 
a  great  many  gas  companies  throughout  the  country  that  do 
not  have  show  rooms,  do  not  have  campaigns  and  do  not  have 
salesmen.  The  Utica  company  has  been  pushing  hard;  it 
has  been  running  a  campaign;  it  has  salesmen  out  and  has 
a  great  show  room.  In  view  of  the  experience  in  Utica, 
I  would  like  to  ask  the  gentleman  from  Utica,  what,  in  his 
opinion,  would  be  the  eflFect  on  gas  lighting  in  Utica  if  they 
did  not  have  any  sales,  if  they  left  it  as  it  is  left  in  a  great 
many  cities  throughout  this  country,  now  that  he  has  such 
excellent  figures  on  what  they  are  doing. 

Mr.  Cahill:  I  would  say  it  would  show  a  decided  de- 
crease. Furthermore,  the  architects  throughout  the  country, 
the  ones  I  have  come  up  against,  seem  to  be  prejudiced  against 
gas  for  lighting.  They  want  the  piping  there  to  get  the  fuel 
installation  and  possibly  some  emergency  lighting.  Possibly  it 
might  be  different  in  other  localities,  but  I  think  we  should  be 
very  frank  and  tell  conditions  exactly  as  they  are. 

The  Chairman  :    We  want  a  frank  discussion. 

Mr.  J.  P.  Hanlan  (Newark)  :  I  think  we  are  very  fortu- 
nate this  afternoon  in  having  as  our  chairman  a  man  who  has 
so  ably  marshalled  the  facts  in  connection  with  illumination 
conditions  as  they  present  themselves  to-day,  and  who  has  also 
so  fearlessly  expressed  himself,  and  I  am  glad  we  are  getting 
action,  as  evidenced  by  the  last  debate. 

I  am  an  optimist  so  far  as  gas  lighting  is  concerned,  and  I 
believe  that  securing  our  share  of  it  is  largely  a  selling  propo- 
sition. We  have  the  service,  and  it  has  been  proved  conclu- 
sively that  where  the  business  is  gone  after,  it  can  be  obtained. 
Our  sales  this  year  of  gas  arcs  and  large  single  unit  lamps, 
for  instance,  are  over  i,ooo  ahead  of  last  year,  if  my  memory 
serves  me  right. 

In  view  of  the  fact  that  you  have  asked  for  expressions  of 
opinion  that  were  not  altogether  favorable  to  gas  lighting 
progress,  I  relate  this  incident.  I  was  in  the  salesroom  of  one 
of  the  large  fixture  manufacturers  in  New  York  City,  about 
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six  weeks  ago,  and  I  happened  to  know  one  of  the  men  there 
very  well,  who  I  know  would  not  tell  me  anything  but  what 
was  right.  He  said,  "See  that  man  just  going  out,  Mr. 
Hanlan?"  I  said,  "Yes."  "Well,  he  represents  one  of  the 
largest  dealers  in  fixtures  in  the  metropolitan  district,  and  he 
has  just  told  me  that  they  are  going  out  of  the  gas  fixture  end 
of  their  business  entirely." 

I  would  like  any  of  you  to  go  to  John  Wanamaker's  and 
attempt  to  find  many  gas  reading  lamps.  All  of  this  means 
that,  so  far  as  some  of  the  dealers  are  concerned,  they  are 
pushing  the  thing  that  they  can  sell  the  easiest,  and  the  easiest 
thing  they  can  sell,  apparently,  in  these  days  is  not  a  gas  appli- 
ance. Now,  it  behooves  us  to  push  the  article  we  want  to 
sell,  because  the  other  fellow  will  not  push  it  for  us.  Take 
this  building  here,  we  cannot  make  a  display  of  any  of  our 
appliances,  as  I  understand  it.  Go  to  John  Wanamaker's  and 
ask  to  see  a  portable  gas  light  and  it  cannot  be  seen  lighted. 
Yet  there  are  just  as  fine  portable  gas  reading  lamps  as  electric 
lamps.  We  have  both  on  display  in  New  Jersey,  and  I  defy 
any  man  to  tell  me  which  is  the  gas  and  which  is  the  electric 
lamp,  so  far  as  appearances  are  concerned.  That  does  not  do 
us  any  good  unless  our  customers  know  it.  And  that  is  where 
the  selling  end  of  the  proposition  comes  in.  The  most  of  our 
gas  lighting  business  which  has  been  lost — if  it  has  been  lost— 
has  been  lost  either  through  our  fault  or  our  indifference.  We 
spend  all  sorts  of  money  on  gas  works  and  systems  of  distri- 
bution, and  we  are  very  sure  that  the  meter  that  is  put  in  for 
the  customer  is  all  right  to  give  him  service,  and  then  let  it 
go  at  that,  in  a  great  many  cases.  What  is  the  outcome?  The 
customers  are  the  prey  of  every  peddler  who  goes  around,  and 
no  matter  how  good  your  gas  or  system  of  distribution  is,  if 
the  appliance  the  customer  has  to  use  the  gas  with,  is  not  all 
right,  what  good  is  our  gas  to  him?  What  good  are  our  mains 
and  our  fine  systems  of  distribution  to  him  ?  It  doesn't  mean 
anything,  unless  the  incandescent  lamp  he  is  using  is  going  to 
give  him  service. 
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I  would  like  to  second  the  suggestion  to  have  a  committee 
consider  the  standardizing  of  lamps  and  mantle.  As  I  said 
this  morning,  I  believe  the  Institute  should  pursue  this  investi- 
gation of  gas  illumination.  We  are  just  as  much  interested  in 
gas  illumination  as  any  other  association.  The  engineer  should 
be  just  as  much  interested  in  proper  illumination  as  the  agent 
or  the  manager.  It  is  his  business,  as  it  is  the  commercial 
man's  business.  He  gets  his  glory  and  compensation  from  the 
same  source.  Here  is  what  I  consider  to  be  a  practical  sugges- 
tion as  to  a  method  of  getting  and  holding  gas  business.  That 
this  association  co-operate  with  the  National  Commercial 
Gas  Association,  if  the  directors  see  fit,  and  let  us  see 
if  we  cannot  get  a  proper  combination  fixture.  Since  people 
are  putting  in  combination  fixtures,  we  cannot  stop  them. 
To-day  the  houses  are  being  wired  and  piped  in  our  territory. 
The  good  houses  are  being  piped  and  wired  and  combination 
fixtures  are  being  put  in,  but  what  good  is  it  when  combination 
fixtures  are  put  in  that  are  so  close  to  the  ceiling,  that  you  could 
not  light  the  gas  in  the  combination  fixture  if  you  wanted  to. 
Because  of  these  combination  fixtures,  we  are  not  only  losing 
lighting,  but  are  also  losing  heating  business.  There  are  places 
in  any  large  city  where  you  could  not  put  in  a  gas  heater  in  the 
parlor  or  dining  room  if  you  wanted  to.  I  do  not  know  whether 
any  of  you  men  appreciate  that  fact  or  not.  The  only  way  you 
can  get  a  connection  for  a  gas  heating  stove  is  to  put  a  con- 
nection near  the  ceiling.  We  now  have  a  very  creditable  com- 
bination fixture  for  store  lighting,  in  an  indirect  fixture,  just 
perfected.  Having  such  a  fixture,  will  not  do  any  good  unless 
the  gas  men  take  hold  of  it  and  push  it.  The  electric  men  have 
had  to  fight  us  too  long,  to  come  around  and  try  to  help  us 
save  our  business,  when  they  have  been  trying  to  take  it  all 
the  time.  Let  us  get  busy  and  get  a  proper  combination 
fixture,  if  there  is  such  a  thing.  As  a  matter  of  fact,  there  is 
no  good  combination  fixture  for  store  lighting,  except  this 
new  semi-indirect  fixture. 

Let  us  get  together  and  have  new  buildings  piped,  so  that  we 
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will  have  installed  in  each  room  a  fuel  outlet.  The  electric 
men  are  doing  it,  and  have  hard  work  to  get  inside  baseboard 
outlets.  We  have  a  device  that  is  just  as  good  as  any  elec- 
trical device,  for  the  purpose  of  making  an  artistic  connection 
for  a  portable  gas  reading  lamp  or  portable  stove  or  chafing 
dish,  but  we  must  exploit  it  to  the  public. 

The  Chairman  :  That  is  a  good  argument  for  standard- 
ization. 

Mr.  G.  W.  Thomson  (Chester,  Pa.) :  I  believe  by  using 
the  Toronto  system  of  maintenance,  the  lighting  business  of 
our  companies  would  grow,  especially  in  the  residences. 
Toronto  last  year,  I  believe,  went  out  on  a  system  of  door  to 
door  inspection  to  take  care  of  that  business,  which  I  think 
is  absolutely  necessary,  if  Mr.  Hanlan  is  right  in  reference  to 
our  customers  being  subject  to  door  to  door  peddlers  all  the 
time. 

In  speaking  of  combination  fixtures,  I  don't  know  whether 
Mr.  Hanlan  is  acquainted  with  the  fact  or  not,  but  I  believe 
one  company  in  Delaware  has  sold  them  for  the  last  two  or 
three  years,  and  has  handled  their  fixture  business  very 
successfully.  There  are  a  lot  of  companies  that  do  not  handle 
combination  fixtures  of  any  kind;  they  leave  it  up  to  the  cus- 
tomer or  operator;  therefore,  they  are  subject  to  any  fixture, 
mostly  electric. 

On  the  subject  of  gas  for  emergency  only, — ^that  is  not  true 
in  the  Wilmington  situation.  In  Wilmington,  gas  fixtures  are 
installed  in  80  or  85  per  cent,  of  all  the  houses  built,  which  is 
a  very  creditable  showing.  The  combination  companies  have 
had  a  whole  lot  to  do,  I  believe,  with  the  feeling  that  gas  for 
lighting  is  losing  its  day.  I  do  not  feel  that  there  are  very 
many  straight  gas  companies  that  have  that  feeling.  I  think 
most  of  them  believe  that  they  are  showing  an  increase  in  gas 
for  lighting.  We  are  showing  a  good  increase  of  gas  for 
lighting.  We  are  losing  some  of  the  old  residences  and  we  are 
losing  some  of  the  new  combination  fixtures,  but  we  are  mak- 
ing up  for  it  by  selling  gas  in  70  per  cent,  of  the  new  houses. 
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and  in  some  old  ones  that  we  have  never  had  heretofore,  dis- 
placing other  methods. 

Mr.  R.  F.  Pierce  (Gloucester,  N.  J.) :  The  future  of  the 
gas  lighting  business  may  be  best  estimated  by  the  past.  The 
amount  of  lighting  service  represented  by  each  year's  output 
of  incandescent  mantles,  in  so  far  as  it  can  be  estimated  from 
available  data,  indicates  that  the  amount  of  gas  lighting  service 
performed  by  the  gas  mantle  has  increased  about  250  per 
cent,  in  the  last  seven  years,  and  that,  at  the  present  time,  it  is 
substantially  greater  than  the  lighting  service  given  by  elec- 
tricity. I  think  that  the  percentage  of  increase  over  the  period 
of  seven  years  will  compare  very  favorably  with  what  has  been 
accomplished  in  electric  lighting.  We  all  know  that  when  gas 
lighting  is  properly  done,  it  is  a  very  satisfactory  means  of 
illumination.  There  is  very  little  indeed  that  the  most  captious 
critic  can  say  against  it.  It  is  practically  immune  from  com- 
petition in  so  far  as  that  is  possible,  and  if  there  is  any  back- 
ward step  in  any  situation  in  gas  lighting,  it  will  (I  will  not 
say  invariably,  but  almost  invariably)  be  found  to  be  due  to 
the  fact  that  gas  lighting  is  not  done  in  the  most  modem  way, 
and  it  is  not  pushed  vigorously.  Mr.  Cohn  particularly 
touched  upon  the  necessity  of  giving  good  lighting  service  and 
doing  the  thing  right.  Now,  in  the  National  Commercial  Gas 
Association,  we  have,  for  some  time,  come  to  the  conclusion 
that  not  only  the  lighting  business,  but  every  department  of  the 
gas  company's  activities,  demands  the  education  of  each  in- 
dividual having  to  do  with  the  service,  not  only  the  salesmen, 
the  accountants,  the  fitters,  but  every  man  who  touches  upon 
the  business  at  any  point,  whether  it  be  at  the  works  or  in  the 
office.  We  realize  that  there  are  two  things  that  make  a  man 
effective  and  efficient,  and  that  make  a  business  effective, 
efficient  and  profitable.  Those  two  things  are  enthusiasm  and 
knowledge.  We  believe  that  the  best  way  to  engender  enthu- 
siasm is  to  educate  the  man.  A  man  who  knows  his  subject  is 
always  enthusiastic  upon  it,  and  a  man  who  is  not  enthusiastic, 
generally  knows  very  little  about  the  subject.    Where  we  find 
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a  lack  of  enthusiasm  with  respect  to  the  subject  of  gas  lig^ht- 
ing,  it  will  nearly  always  be  found  in  a  man  who  has  a  very 
limited  knowledge  concerning  what  constitutes  a  proper  and 
satisfactory  application  of  light  for  illumination. 

The  educational  work  in  which  we  are  engaged,  as  our 
Chairman  has  stated,  resulted  this  last  year  in  an  enrolhnent 
of  3,850  men.  It  was  generally  predicted  that  the  subject  of 
lighting  would  not  receive  a  great  deal  of  consideration  by  the 
men,  that  the  lessons  on  lighting  would  receive  scanty  atten- 
tion and  would  not  be  carefully  studied,  because  the  men 
either  lacked  interest  in  them  or  considered  the  subject  dif- 
ficult. Two  out  of  ten  lessons  were  devoted  to  the  subject  of 
lighting.  The  second  lesson  on  illumination  was  by  far  the 
most  difficult  in  the  course.  Over  two-thirds  of  the  men  who 
answered  the  first  paper,  answered  that  difficult  paper  on 
lighting,  and  90  per  cent,  of  them  got  the  highest  obtainable 
mark,  made  probably  a  better  showing,  all  things  considered, 
than  in  any  other  branch  or  study,  indicating  that  these  men 
have  an  interest  in  lighting,  and  that  if  they  have  the  oppor- 
tunity, they  will  equip  themselves  with  knowledge  on  that 
subject  which  will  make  them  eflFective  salesmen,  and  result 
in  the  increase  in  gas  lighting  business. 

Now,  the  National  Commercial  Gas  Association  reaches  a 
very  important  and  considerable  class  of  men.  The  member- 
ship of  the  American  Gas  Institute  represents  a  class  of  men 
whose  active  co-operation  must  be  enlisted,  if  the  best  results 
are  to  be  obtained  in  an  aggressive  campaign  for  gas  lighting 
business.  That  interest  can  only  be  engendered  and  sustained 
by  an  active  presentation  of  the  subject  of  lighting,  and  added 
activity  on  the  part  of  the  Institute  as  a  whole.  I  would 
recommend  to  the  Institute  the  advisability  of  a  joint  com- 
mittee with  the  National  Commercial  Gas  Association  to  deal 
with  the  subject  of  illumination  in  its  relation  to  the  gas 
industry.  I  believe  that  this  would  accMnplish  certain  very  de- 
sirable things  that  can  be  accomplished  in  no  other  manner.  I 
believe  that  it  is  necessary  that  this  interest  should  be  stirred 
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up  and  maintained ;  that  every  man  in  the  industry  should  be 
educated  along  the  lines  of  what  constitutes  proper  illumi- 
nation. It  is  just  as  important  to  educate  the  president  and 
the  engineers  of  the  gas  company  as  it  is  to  educate  the  fitters 
and  the  salesmen,  and,  in  some  cases,  it  is  as  greatly  needed.  I 
would  recommend  for  your  serious  consideration  a  step  of 
this  kind. 

Mr.  C.  H.  Stonk  (Middletown,  N.  Y.)  :  I  am  a  rather 
rabid  supporter  of  the  calorific  standard.  I  want  to  say  just  a 
word  as  to  what  was  said  on  the  subject  of  lights.  I  don't 
believe  there  is  a  gas  man  in  this  room,  with  possibly  one  or 
two  exceptions,  who  can  tell  the  difference  between  570  and 
620  B.  t.  u.,  when  the  lamps  are  properly  adjusted.  In  the 
second  place,  I  think  you  will  find  no  company  has  made  a 
sudden  reduction  of  heat  units  on  account  of  change  of  stan- 
dards, without  at  the  same  time  readjusting  the  burners.  So 
that,  personally,  I  do  not  believe  there  should  be  any  diminu- 
tion of  gas  lighting  on  account  of  the  diminution  in  the  heating 
power  of  gas. 

I  am  speaking  for  a  small  company,  and,  personally,  I  am 
interested  only  in  the  gas  end.  I  am  enthusiastic  over  gas 
lighting  myself.  My  house  is  entirely  lighted  by  gas,  by  the 
most  modem  method  I  could  find  at  the  time  of  installation, 
and  I  eat,  sleep  and  talk  gas  all  the  time.  We  have  an  en- 
thusiastic, intelligent  force,  and  we  have  done  everything  we 
could  to  interest  the  people.  The  two  men  who  have  that 
work  in  charge  are  able  and  zealous.  I  have  often  caught 
them  on  the  street  comers  talking  gas  to  people  when  they 
were  supposed  to  be  enjoying  their  day  oflF.  We  have  been  to 
the  architects,  to  the  plumbers  and  to  the  contractors,  and  I 
don't  know  where  else  we  can  go.  In  the  last  year,  to  the  best 
of  my  knowledge,  there  has  been  in  the  city  of  Middletown, 
only  one  house  piped  for  gas  lighting.  Let  me  ask  you,  what 
can  you  expect  for  gas  lighting  if  that  is  the  showing  you  get. 
In  the  new  districts,  the  electric  wires  are  placed,  and  the  gas 
man  does  not  get  a  show  to  secure  anything  at  all  after  the 
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electricity  is  in.  I  realize  the  difference  between  the  ex- 
penditure for  the  electric  lines  and  for  the  gas  mains,  but  what 
kind  of  a  chance  do  you  stand,  to  get  the  gas  lighting  in  a  new 
district,  when  the  houses  are  already  wired  and  the  fixtures 
all  in.  They  are  not  going  to  put  in  gas  fixtures,  with  the 
possibility  that  a  main  is  going  through  there  five  years  later, 
with  no  certainty  that  it  is  coming  at  all.  I  would  not  do  it 
myself,  and  I  don't  believe  any  customer  would  do  it 

One  other  point  has  been  brought  up  with  r^^rd  to  pilot 
lights.  I  believe  there  are  four  things  which  to-day  are  hold- 
ing back  gas  lighting.  The  most  vital  thing  of  all  is  the  in- 
ability to  light  gas  with  the  same  ease  and  certainty  with  which 
you  can  light  an  electric  lamp.  You  cannot  do  that  with  pilot 
lights.  There  is  no  way  to  do  it,  that  I  know  of  at  the  present 
time,  that  is  applicable  to  the  ordinary  house.  The  pilots 
in  our  town  are  giving  so  much  trouble  that  there  is  no  use 
selling  gas  arcs.  When  you  go  to  a  customer  he  says,  "Here 
are  25  per  cent,  of  your  arcs  which  cannot  be  kept  lighted," 
and  yet  we  look  after  them  once  a  week  and  some  of  them, 
every  day.  Can  we  give  them  any  more  attention  that  that? 
You  may  say  that  the  quality  of  gas  is  at  fault,  but  if  this 
were  so,  why  do  75  per  cent,  of  the  arcs  give  no  trouble  at 
all  ?  Why  does  one  lamp  in  a  store  operate  for  a  year  without 
ever  losing  its  pilot  light,  and  another  one  in  the  same  store 
within  10  ft.  of  it,  off  the  same  supply,  and  used  to  the  same 
extent,  have  its  pilot  out  every  day? 

The  second  thing  is  the  smoke.  You  can  adjust  the  lamp 
perfectly,  and  of  course,  in  my  own  house  I  have  no  trouble 
with  smoke,  but  it  is  a  fact  that  a  gas  lamp  is  capable  of  re- 
adjustment, and  will  be  adjusted  by  the  consumer  just  so  long 
as  he  thinks  he  is  going  to  get  better  light,  and  the  chances 
are  that  at  some  time  or  other  the  lamp  will  smoke,  and  the 
result  is,  the  gas  industry  gets  a  black  eye  on  account  of  the 
black  ceiling. 

The  third  factor  is  the  heat.  You  might  as  well  be  frank 
about  it,  a  gas  lamp  gives  heat.    You  cannot  persuade  the 
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custonier  that  you  can  sit  within  3  ft.  of  the  gas  arc  and  not 
feel  the  heat.  I  feel  it  myself.  That  is  a  thing  which  mili- 
tates against  gas  lighting. 

And  the  fourth  thing,  is  the  feeling  which  is  prevalent  and 
which  is,  I  think,  due  mostly  to  the  very  eflFective  advertisiijg 
of  our  electric  brethern,  that  the  electric  light  is  modern  and 
up-to-date.  I  don't  think  this  is  important,  but  in  my  own 
case,  it  is  extremely  prominent,  and  nine  times  out  of  ten,  they 
put  that  up  to  you, — ^gas  lighting  is  out  of  date. 

Until  you  can  change  those  first  three  items,  you  cannot 
push  gas  for  light  successfully  against  electricity,  at  a  reason- 
able price.  I  don't  want  to  be  a  pessimist.  I  am  very  strongly 
on  the  other  side.  I  would  not  have  equipped  my  own  house 
for  gas  lighting  if  I  had  not  thought  it  was  the  best  thing,  and 
I  am  absolutely  satisfied  with  it.  I  have  the  finest  light  in  the 
city  of  Middletown,  and  I  tell  everybody  that  I  can  do  any- 
thing with  my  gas  light  that  they  can  do  with  electricity.  I 
can  light  it  from  downstairs  and  upstairs  and  everywhere 
else,  by  pushing  a  button.  I  can  get  a  better  quality  of  light 
and  more  light  for  my  money,  and  in  every  way  it  is  satis- 
factory. But  those  three  points  are  brought  up  against  me 
every  time,  and  I  believe  they  form  the  greatest  obstacles  to 
the  progress  of  gas  lighting. 

Mr.  W.  J.  McCoRKiNDALE  (Wilmington,  Del.) :  For  Mr. 
Stone's  benefit,  I  would  like  to  state  that,  while  his  two  assist- 
ants may  have  the  enthusiasm,  there  is  something  else  that  is 
lacking,  and  if  I  had  that  same  condition,  I  believe  I  would 
not  let  those  men  go,  but  I  would  give  them  work  in  some 
other  department.  In  our  discussion,  great  stress  has  been 
laid  by  so  many  speakers  about  the  low  cost  of  electricity 

The  Chairman  :    Cannot  you  give  specific  answers? 

Mr.  McCorkindale  :  I  will  do  that.  I  am  coming  to  that 
in  a  minute.  We  have  at  a  number  of  our  stores  a  2-cent  rate, 
simply  because  at  one  time  we  had  two  competing  electric  com- 
panies. Some  years  ago,  they  had  to  go  in  and  get  long  term 
contracts  for  five  years,  and  took  them  at  a  2-cent  rate,  and 
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many  of  those  contracts  are  still  in  use,  so  we  have  had  our  up- 
hill work  also.  I  doubt  if  5  per  cent,  of  the  buildings  built  in 
Wilmington  anywhere  within  the  city  limits  are  erected  without 
gas  piping  being  installed.  I  do  not  know  of  any  buildings  in 
the  last  year  and  a  half  that  have  been  erected  in  Wilmington 
and  not  piped;. many  of  the  houses  are  fixtured  for  gas  only, 
and  the  rest  of  them  are  combination.  There  is  no  question  at 
all  but  you  can  get  the  business  if  you  go  after  it  rightly. 

You  speak  about  taking  the  matter  up  with  architects.  Some 
architects  you  can  handle  with  kid  gloves,  and  on  others  you 
have  to  use  a  sledge  hammer.  We  have  a  building  being 
erected  at  the  present  time,  our  joint  city  and  county  building, 
which  is  to  cost  $1,000,000;  all  the  plans  were  drawn,  every- 
thing was  arranged  for,  but  not  a  foot  of  gas  piping  was  going 
to  be  in  it.  Our  company  got  after  the  matter,  could  not  do 
an3rthing  with  the  architect,  and  had  to  go  after  the  Levy  Court 
and  City  Council.  We  fixed  it  up  so  that  now  every  room  in 
that  building  will  be  piped  and  every  fixture  in  that  building 
is  to  be  a  combination,  and  we  expect  to  sell  the  fixtures. 
(Laughter.) 

Now,  regarding  the  smoking  of  the  ceiling,  pilot  lights,  and 
those  things,  those  are  local  conditions  and  can  be  remedied. 
Mr.  Thomson  was  kind  enough  to  mention  our  fixture  busi- 
ness. We  sell  about  85  per  cent,  of  the  fixtures  sold  in  Wil- 
mington, notwithstanding  we  are  close  to  Philadelphia  and 
large  fixture  houses.  We  put  in  combination  fixtures  which 
place  electric  light  and  gas  on  the  same  plane.  Looking  at 
the  fixture,  both  the  gas  and  electric  supplies  look  like  chains, 
and  you  have  to  go  up  close  to  them  to  tell  which  is  the  real 
chain  and  which  is  the  pipe.  The  consequence  is,  we  are 
getting  our  share  of  the  lighting  business.  We  niade  a  canvass 
about  six  weeks  ago  of  twenty-three  houses  in  a  building  opera- 
tion with  combination  fixtures,  and  seventeen  of  the  houses 
were  using  gas  exclusively,  two  of  them  were  using  electricity 
only,  and  the  balance  were  using  both  gas  and  electricity. 

We  use  inverted  lights,  so  that  you  cannot  tell  the  gas  from 
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the  electric.  We  have  our  pilot  troubles,  but  they  are  not 
serious  enough  to  interfere  with  our  lighting  business.  We 
have  overcome  a  great  deal  of  that  by  having  a  house  main- 
tenance department.  We  start  at  20  cents  a  light  and  reduce 
according  to  the  number  we  have.  That  service  goes  on  for 
12  months  in  the  year,  and  if  a  person  telephones  us  they  want 
their  pilots  overhauled  or  additional  mantles  put  on,  we  look 
after  it. 

Regarding  the  smoking  of  the  ceiling,  of  course,  on  the 
upright  lights  you  will  get  it.  On  the  inverted  lights  you  will 
not  get  much.  You  will  find  that  a  steam  pipe  draws  up  dust 
and  makes  a  mark  on  the  ceiling,  and  an  electric  lamp  does 
exactly  the  same  thing. 

Mr.  Macbeth  :  There  are  one  or  two  points  in  the  discus- 
sion of  two  or  three  of  the  speakers  that  I  would  like  to 
refer  to. 

There  is  one  point  that  comes  up  constantly  about  the  high 
price  of  gas  fixtures,  and  the  difficulty  gas  men  have  in  getting 
satisfactory  fixtures  at  their  own  prices.  At  the  same  time, 
we  have  men  going  out  of  the  gas  fixture  business,  because 
the  gas  man  won't  pay  anywhere  near  the  price  for  a  similar 
fixture  that  the  electric  man  will  pay.  Much  of  this  agitation 
has  been  due  to  lack  of  judgment  on  the  part  of  the  gas  man. 
The  fixture  man  is  not  playing  favorites,  but  is  catering  to  that 
branch  of  the  trade  which  appreciates  his  efforts,  and  we 
cannot  blame  him  for  thinking  that  the  gas  man's  money  is  no 
better  than  that  he  receives  for  electric  fixtures. 

Mr.  Cohn,  and  also  Mr.  Stone,  referred  to  pilots.  I  would 
like  to  ask  any  of  the  engineers  here  if  a  ^  in.  $3  governor  is 
not  good  for  30  years,  more  or  less?  I  have  used  gas  lamps 
for  many  years,  and  while  in  one  house,  a  short  time  back, 
used  ten  or  twelve  burners  all  equipped  with  pilots.  I  don't 
believe  that  during  two  years'  use,  there  were  three  of  the  pilots 
out.  I  remember  one  occasion  when  we  were  away  from  the 
city  for  about  six  weeks,  with  the  house  closed,  there  was 
one  pilot  out  when  we  came  back,  and  we  noticed  that,  not 
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from  any  odor,  but  when  we  pulled  the  by-pass  chain.  At  one 
time  I  attached  a  pressure  gauge  in  my  bathroom,  noting  it  at 
different  hours  of  the  night  and  day,  and  rarely  saw  a  change 
greater  than  a  tenth  or  two.  The  house  was  in  a  section  of 
Philadelphia  where  they  had  district  governors  and  where  the 
mains  were  ample.  That  is  the  point.  If  we  can  interest  the 
engineer  in  ultimate  service,  it  is  my  opinion  that  pilot  troubles 
will  be  found  to  be  due  not  to  the  pilots,  but  to  bad  service, 
changing  of  specific  gravity,  etc.  Pressure  changes  can  be 
taken  care  of  with  inexpensive  governors. 

Mr.  Stone  brought  out  a  point  at  the  Richmond  meeting  last 
year.  I  may  be  wrong,  and  if  so,  I  hope  Mr.  Stone  will  cor- 
rect me.  In  his  paper  on  the  percentage  of  mantle  burners 
used  in  Middletown,  the  question  was  raised  as  to  the  number 
of  these  burners  which  had  been  purchased  from  dealers  and 
in  the  5  and  lo-cent  stores.  As  I  recall  the  discussion,  this 
number  was  comparatively  large.  If  that  is  true,  the  Institute 
Committee  on  Standardization  of  Lighting  Appliances  will  do 
something  if  it  succeeds  only  in  properly  labelling  the  cheap 
stuff. 

To-day  we  have  little  beyond  personal  experience  to  guide 
us.  You  can  not  go  by  prices.  I  saw  a  mantle  box  recently 
brought  to  a  store  by  a  man  who  had  apparently  had  a  satis- 
factory experience;  he  said  "I  want  another  mantle  like  this; 
it  is  a  75-cent  mantle,  but  I  paid  50  cents  for  it."  The  dealer 
was  not  familiar  with  the  brand,  and  as  it  had  a  Pittsburgh 
address  on  the  label,  the  box  was  finally  sent  to  Pittsburgh  for 
a  duplicate  order.  The  Pittsburgh  dealer  not  caring  to  be 
bothered  with  the  box,  soaked  the  label  off,  and  was  surprised 
to  find  another  label,  the  original  one,  also  on  the  box.  This 
label  identified  the  mantle  as  one  of  the  3-cent  variety,  made 
by  a  well-known  manufacturer  for  the  push-cart  trade.  So 
that  the  price  does  not  altogether  fix  the  quality  of  yorxcy 
mantles. 

Mr.  Stone  mentioned  the  heat  troubles  with  gas  lamps. 
Complaint  from  heat,   if  justified,  is  usually  due  to  over- 
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lighting.  As  a  matter  of  fact,  the  heat  from  gas  lamps  is  not 
greater  below  the  lamps  than  from  carbon  filament  electric 
lamps  of  equal  light  output.  Comparatively  recent  tests  on 
this  point  were  buried  not  so  long  ago  in  the  proceedings  of 
the  Institute.  It  is  true  that  more  heat  is  liberated  by  a  gas 
lamp,  but  a  large  portion  is  converted  and  diffused  into  the 
upper  air  in  a  room.  It  is  in  matters  of  this  kind  that  the 
Institute  could  be  most  helpful  in  settling  beyond  question, 
so  many  of  these  points  of  so-called  disadvantages  which  are 
largely  matters  of  conversation  only.  To  settle  it,  is  the  main 
consideration.  I  recall  a  discussion  on  gasoline  competition, 
some  time  ago,  at  a  gas  men's  meeting.  One  of  the  speakers 
said  that  in  his  city  there  had  been  no  trouble  from  gasoline 
plants  for  some  time,  and  when  pressed  for  an  explanation, 
he  remarked,  that  the  electric  light  man  and  he  had  simply 
gone  down  to  the  dty  officials,  and  had  an  ordinance  prepared 
and  passed. 

(At  this  point,  Mr.  Barrows  read  Section  VI — "Lighting 
Appliances"— of  the  report  of  the  Committee  on  Utilization 
of  Gas  Appliances.) 

The  Chairman:  The  recommendation 'of  the  Committee 
on  the  Utilization  of  Gas  Appliances  with  reference  to  the 
standardization  of  lamps  and  mantles,  is  rather  similar  to  the 
one  Mr.  Pierce  voiced.  Perhaps  they  are  sufficiently  so  to 
warrant  their  being  merged  as  a  recommendation  agreeable  to 
both  proposers.  If,  therefore,  Mr.  Pierce  and  Mr.  Barrows 
will  jointly  prepare  a  resolution,  we  will  vote  on  it.  You 
understand  that  these  section  meetings  have  been  arranged  in 
such  fashion  that  when,  out  of  section  discussion,  there  grows 
a  useful  idea  for  the  Institute,  we  can,  by  vote  here,  pve  it 
section  approval  and  recommend  it  to  the  Institute.  I  will  be 
glad  to  entertain  the  resolution  when  presented. 

Mr.   Litle:     One  of  the  previous   speakers  referred  to 

troubles  that  he  had  with  pilot  ignition,  stating  that  it  was 

impossible  to  maintain  pilots  in  his  town,  even  though  he 

adjusted  them  daily.    His  trouble  was,  of  course,  not  due  to 
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faulty  lamp  construction,  but  to  an  oily  film  deposit  upon  the 
point  of  the  pilot  adjusting  screw.  This  film,  even  though  it 
be  infinitesimal  in  thickness,  will  be  enough  to  close  the  gas- 
way  leading  to  the  pilot  tube.  I  have  been  called  upon  to 
remedy  troubles  of  this  nature  before,  and  Have  successfully 
used  a  small  filter  box  placed  just  ahead  of  the  pilot  adjusting 
screw,  so  that  the  oily  deposit  is  removed  from  the  gas  before 
it  reaches  the  screw. 

There  is  a  distinct  advantage  in  pilot  ignition  of  gas,  for  the 
reason  that  the  slight  illumination  furnished  by  the  pilot  flame 
is  sufficient  to  guide  one  to  the  appliance  when  used  in  a  dark 
room. 

Electrical  inventors  have  designed  electric  wall-switches  with 
luminous  front  plates,  and  also  luminous  balls  for  their 
pendant  fixture  sockets.  These  glow  very  faintly  at  their  best, 
and  sometimes,  not  at  all.  The  illumination  given  by  these 
devices  depend  upon  the  light  absorbed  during  the  day,  and 
unless  they  are  exposed  to  considerable  light  in  daytime,  there 
is  little,  if  any,  illumination  given  off  at  night. 

Dr.  H.  E.  Ives  (Philadelphia) :  The  Chairman  in  his  open- 
ing address  called  for  pessimists  and  optimists.  It  seems  to 
me  we  have  heard  chiefly  from  two  extreme  classes,  first, 
those  who  say  that  gas  lighting  is  not  declining  (they  may  be 
classed  as  the  blind  optimists)  and,  second,  those  who  say  it 
is  declining,  but  there  is  no  hope  for  it  (they  are  the  blind 
pessimists).  Now,  there  is  an  intermediate  class  who  believe 
gas  lighting  is  declining,  but  believe  it  can  be  saved.  It  is  to 
that  class  that  I  belong. 

I  do  not  believe  we  should  allow  ourselves  to  be  lulled  into 
a  feeling  of  security  on  the  basis  of  the  number  of  houses 
piped  nor  the  number  of  combination  fixtures  sold.  What  we 
need  are  direct  figures  on  gas  lighting ;  not  indirect  inferences, 
on  the  interpretation  of  which  no  two  people  agree.  I  know 
of  many  cases  where  the  combination  fixtures  which  are  quoted 
are  of  such  character  that  it  is  impossible  to  bum  an  incan- 
descent mantle  on  them.    I  know  of  miles  of  streets  where  the 
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new  houses  are  piped  for  gas,  it  is  true,  but  they  are  being 
wired  for  electricity,  and  not  one  occupant  in  a  hundred  thinks 
of  using  the  gas  for  lighting.  We  should,  I  think,  start  this 
discussion  with  the  frank  acknowledgment  that  gas  lighting 
is  in  bad  health,  and  proceed  at  once  to  study  what  we  can  do 
to  help  it. 

The  Chairman  has  pointed  out,  that  part  of  this  field  is 
already  being  covered  by  the  National  Commercial  Gas  Asso- 
ciation. This  committee  should  then  decide  what  it  is  that 
the  Institute  can  do  without  intruding  on  the  work  of  the  Asso- 
ciation. It  seems  to  me  that  the  real  field  of  this  Committee 
on  Illumination  is  to  serve  as  the  source  of  information  to  the 
Institute  on  what  things  will  be  necessary  to  do  in  the  manu- 
facture and  distribution  of  gas,  in  order  to  hold  gas  lighting. 

What  kind  of  gas  and  what  method  of  distribution  may  we 
expect  to  be  demanded  by  future  developments  in  gas  light- 
ing? We  have  heard  certain  defects  in  the  service  given  by 
lighting  units  characterized  as  "gas  troubles."  Should  the  gas 
manufacturer  and  distributor  be  reproached  for  the  deficien- 
cies of  their  gas,  when  there  has  been,  apparently,  no  well- 
directed  effort  to  keep  them  informed  on  what  the  latest 
developments  in  burners  call  for  in  order  to  secure  the  best 
eflFiciency?  And  is  not  the  time  past  when  the  gas  engineer 
can  say  "Here  is  the  gas,  now  use  it"  ? 

What  must  we  look  forward  to  in  the  not  distant  future? 
We  have  already  struck  a  condition  of  approximate  equality 
in  the  eflFiciency  of  gas  and  electric  lighting.  We  may  expect 
both  to  increase  in  eflFiciency,  perhaps  at  approximately  equal 
rates.  Gas  lighting  is  not  hopeless,  viewed  from  the  eflSciency 
standpoint,  but  it  is  imdoubtedly  weak  on  the  score  of  con- 
venience, cleanliness  and  reliability.  Let  this  Committee  report 
next  year  in  what  manner  these  defects  may  be  reduced  by  the 
gas  engineer.  Perhaps  we  must  have  cleaner  gas — this  con- 
cerns the  manufacturer.  Perhaps  we  shall  have  to  come  to 
high  pressure  distribution  with  house  pressure  regulators — ^this 
concerns  the  distribution  department.    But  the  important  point 


Digitized  by  VjOOQIC 


932 

is  that  the  members  of  the  Institute  should  keep  in  touch  with 
all  changes  in  the  requirements  for  gas  for  lighting  purposes. 

I  suggest  that  the  function  of  this  Committee  be  to  render 
each  year  to  the  Institute  a  report,  this  report  to  point  out 
what  the  gas  engineer  must  do  as  his  share  in  holding  and 
increasing  gas  lighting. 

Mr.  E.  N.  Wrightington  (Boston)  :  In  what  Dr.  Ives 
has  said  as  to  the  duty  of  this  Committee,  it  seems  to  me  he 
has  struck  the  key  note,  rather  than  the  previous  speakers. 
The  previous  speakers  start  talking  about  pressure  and  B.  t  u., 
and  end  with  the  selling  of  the  appliance.  Mr.  Hanlan  says 
the  reason  he  does  not  sell  gas  portables  is  because  the  people 
do  not  know  how  good  they  are.  That  is  a  selling  problem. 
Another  gentleman  over  here  recites  the  disadvantages  of  gas 
from  the  customer's  point  of  view.  Those  disadvantages  have 
got  to  be  solved,  because  there  are  other  advantages  which  off- 
set them.  This  is  so  much  a  selling  problem,  that  it  seems  to 
me  it  is  primarily  the  part  of  the  National  Conrnierdai  Gas 
Association's  duty  to  undertake  this  kind  of  work.  When  it 
comes  to  a  question  of  what  the  engineer  can  do  to  help  to  put 
gas  lighting  on  a  better  plane,  then  it  seems  to  me  the  com- 
mittee is  getting  into  a  kind  of  work  which  is  just  what  it 
should  perform,  and  the  kind  of  work  the  commercial  man 
cannot  perform.  Most  of  these  men  we  have  heard  here  arc 
commercial  men.  They  have  looked  at  it  from  a  commercial 
point  of  view.  There  is  a  point  beyond  which  the  commercial 
man  cannot  go.  That  is  to  say,  in  engineering  matters,  the 
engineer  should  be  the  man  to  decide.  But  when  it  comes 
to  taking  up  in  a  meeting  like  this  a  discussion  of  the  com- 
mercial aspect  of  it,  it  seems  to  me,  we  are  spreading  the  energy 
of  these  commercial  men  over  too  many  associations.  Tlicre 
is  the  American  Gas  Institute,  the  Illuminating  Engineering 
Society,  the  National  Commercial  Gas  Association.  Their 
fields  are  distinct  and  different,  but  the  same  men  frequently 
are  trying  to  do  work  in  all  three,  and  it  is  very  difficult  for 
a  man  to  go  and  give  any  particular  time  to  association  work. 
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He  is  occupied  by  his  own  particular  job  in  his  own  locality. 
If  the  commercial  man  tries  to  spread  his  energies  over  the 
Institute  and  over  the  Illuminating  Engineering  Society,  he 
is  going  to  waste  some  of  those  energies.  We  all  know  this 
problem  is  big  enough  from  a  selling  point  of  view  to  take  all 
the  time  our  commercial  men  can  spare  in  it,  so  I  think  the 
joint  committee  would  be  an  excellent  idea,  provided  the  part 
played  by  the  committee  of  the  Institute  was  confined  to  the 
engineering  part  of  it,  because  if  it  is  spread  over  both  the 
engineering  and  the  commercial,  you  will  get  into  trouble 
again. 

Mr.  Barrows:  Referring  to  the  recommendation  for  a 
joint  committee,  it  seems  to  me  that  better  results  will  be 
obtained  if  two  committees  are  formed,  one  from  the  Institute 
and  one  from  the  National  Commercial  Gas  Association,  with 
the  imderstanding  that  these  committees  are  to  co-operate. 

The  questions  involved  are  numerous,  and  among  them  will 
be  found  some  relating  to  the'  engineering  side,  which  will  be 
of  little  interest  to  the  commercial  men  and  which  can  be  better 
solved  by  the  engineering  men,  and  some  which  will  be  of 
but  little  interest  to  the  engineering  men,  and  which  can  be 
much  better  solved  by  the  commercial  men. 

Each  committee  may  then  do  its  own  work,  and  before  the 
final  reports  are  submitted,  they  may  be  gone  over  by  the  two 
committees  in  joint  session. 

If  it  is  decided  to  form  a  joint  committee,  I  believe  that  sub- 
committees of  this  joint  committee  should  be  formed,  one  to 
consider  the  commercial  questions  and  one  to  consider  the  en- 
gineering questions. 

I  think  if  we  change  the  wording  of  Dr.  Ives'  motion,  so 
that  it  will  call  for  improvement  of  lighting  conditions  from 
the  engineering  standpoint,  and  in  this  shape  place  it  formally 
before  the  Institute,  that  this  is  all  the  action  necessary  for  us 
to  take. 

Undoubtedly,  if  a  committee  is  formed,  it  will  work  in  Very 
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close  co-operation  with  any  similar  committee  of  the  National 
Commercial  Gas  Association. 

Mr.  W.  H.  Gartley  (Philadelphia)  :  I  want  to  say  that 
I  think  there  is  a  great  deal  for  the  works  to  do  in  the  better- 
ment of  gas  service  and  gas  lighting.  I  said  in  my  presidential 
address  that  the  idea  had  now  been  pretty  well  distributed 
among  State  Utility  Commissions,  that  the  attempt  to  force 
gas  companies  to  carry  a  very  high  candle-power  with  the 
consequent  high  heat  units  would,  on  the  whole,  for  all  pur- 
poses for  which  gas  was  used,  be  found  to  be  a  misguided 
action.  Some  years  ago,  I  was  present  at  the  Bureau  of 
Standards,  in  Washington,  together  with  a  ntunber  of  gas 
engineers  who  had  been  invited  to  consult  with  the  Bureau 
r^^rding  the  regulations  and  the  standards  for  their  Circular 
No.  32.  A  number  of  the  engineers,  men  of  experience,  took 
the  position  that  it  was  better  for  the  consumer  if  the  gas  had 
not  over  570  heat  units  instead  of  625  or  650  heat  units. 

The  statement  was  made  that  a  water  gas  of  (say)  22  candle- 
power,  equivalent  to  about  650  heat  units,  is  so  heavily  laden 
with  condensable  hydrocarbon  vapors  absolutely  necessary  in 
the  manufacture  of  such  a  gas,  that  in  the  colder  climates  of 
this  country  difficulties  are  experienced  with  it  that  would 
disappear  if  a  heating  value  of  570  replaced  it.  The  smoking 
of  ceilings  would  be  very  much  less ;  stopping  of  pilots  would 
be  less;  the  regulation  of  air  mixers  would  be  reduced,  while 
in  the  gas  for  the  kitchen  and  for  a  majority  of  other  uses,  as 
well  as  in  the  mantle,  the  reduction  in  heating  value  would 
scarcely  be  noticed  in  the  results  obtained.  I  believe  that  this 
argument  at  that  time  was  not  accepted  by  the  Bureau,  but  the 
truth  of  the  statement  is  becoming  more  generally  accepted, 
and  at  this  time,  two  of  the  State  Commissions  have  adopted 
a  value  of  750  heat  units.  No  State  Commission  has  gone 
over  600,  but  most  of  the  gas  companies  in  the  larger  cities 
and  in  the  medium  sized  cities,  are  making  gas  of  over  600 
units,  probably  because  municipal  laws  or  specifications  in 
franchises  require  that  the  candle-power,  and  consequently,  the 
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heat  units  shall  be  kept  up  to  a  quality  higher  than  those  com- 
panies now  know  to  be  of  maximum  benefit  to  the  consumer. 

Then  again,  there  has  been  a  great  improvement  made  in  the 
question  of  the  total  sulphur  content.  I  believe  if  we  could 
succeed  to-day  in  getting  all  over  the  country  a  gas  with  570 
heat  units  and  no  sulphur  or  practically  no  sulphur — when  I 
say  "practically  no  sulphur/'  I  mean  two  grains — I  believe  we 
will  have  done  a  great  deal  to  give  satisfaction  to  the  enor- 
mous number  of  consumers  who  now  use  gas  and  will  continue 
to  use  gas.     (Applause.) 

Mr.  Macbeth  :  Just  one  point  occurred  to  me  in  connec- 
tion with  the  discussion  of  Mr.  Wrightington  on  the  desirable 
personnel  of  the  Committee.  I  can  see  no  reason  for  courting 
complications,  nor  yet  the  necessity  for  a  joint  representation 
on  such  a  Committee.  Even  the  Boards  of  Directors  of  these 
associations  contain  members  of  the  other  associations,  and  I 
believe  it  would  be  hardly  possible  in  making  up  this  Com- 
mittee, if  any  attention  at  all  is  paid  to  selecting  men  who  have 
been  at  all  in  touch  with  committee  work,  to  choose  men,  many 
of  whom  would  be  also  members  of  the  National  Commercial 
Gas  Association,  the  Illuminating  Engineering  Society,  and 
even  the  National  Electric  Light  Association. 

I,  therefore,  make  the  motion  if  it  is  acceptable  to  the  chair, 
that  the  report  of  this  Committee  be  accepted  and  that  a  recom- 
mendation be  made  to  the  Board  of  Directors  of  the  Institute 
that  the  Committee  on  Illumination  be  continued,  and  that  the 
work  of  this  Committee  be  along  the  lines  brought  out  in  the 
discussion  here  this  afternoon  relative  to  burners,  and  also 
distribution  and  gas  qualities. 

Mr.  Wrightington  :  May  I  ask  a  question  as  to  what  this 
committee  would  do,  as  to  whether  they  would  confine  them- 
selves to  the  engineering  questions,  or  discuss  the  special  ques- 
tions that  have  been  discussed  to-day? 

The  Chairman:  As  I  understand  the  motion,  it  is  a 
recommendation  to  the  Board  of  Directors  of  the  American 
Gas  Institute  that  the  Committee  on  Illumination  be  continued, 
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its  scope  to  particularly  cover  problems  which  have  engineer- 
ing features  as  contrasted  with  those  which  are  commercial. 

Mr.  Wrightington  :  I  would  like  to  state,  from  a  com- 
mercial point  of  view,  a  fact  in  connection  with  the  conditions 
in  Boston,  a  statement  I  have  made  in  the  Commercial  Asso- 
ciation, but  perhaps  some  of  the  others  would  be  interested  in 
it.  A  year  ago,  or  a  little  more  than  a  year  ago,  in  Boston,  we 
made  an  actual  count  of  the  number  of  new  residences  which 
adopted  and  actually  use  gas  for  lighting  purposes,  either 
solely  or  almost  exclusively,  and  that  count  showed  87}^  per 
cent,  of  all  the  new  buildings,  new  residences,  put  up  in  that 
12  months.  There  has  been  a  slight  drop  since,  but  last  year 
was  not  a  normal  year,  on  account  of  the  fact  that  there  had 
been  a  very  decided  falling  off  in  the  number  of  building 
operations  of  the  cheaper  class,  which  is  more  especially  the 
gas  man's  field.  So  that  I  think  in  Boston  we  don't  feel  that 
gas  is  a  back  niunber,  when  that  proportion  of  new  buildings 
are  being  equipped  with  gas  lighting  facilities. 

The  Chairman:  There  are  two  points  I  would  like  to 
bring  out.  One  is  with  regard  to  pilots.  In  the  new  form  of 
blue  flame  or  bunsen  pilot  there  is  little  luminous  flame,  and, 
therefore,  if  it  impinges  on  the  mantle,  it  does  not  produce  a 
carbon  spot.  At  the  point  of  impingement,  there  is  a  small 
patch  on  the  mantle  which  is  incandescent  and  which  gives  the 
low  illumination  in  the  room  referred  to;  it  also  makes  more 
difficult  the  extinguishing  of  the  pilot,  because  there  is  a  larger 
total  mass  of  material  which  is  at  an  ignition  temperature. 
Besides  this,  when  properly  placed,  it  gives  a  perfectly  soft 
ignition. 

The  other  point  that  occurred  to  me  was  with  regard  to  the 
reduction  of  sulphur  in  the  gas  and  its  possible  effect  in  help- 
ing good  service.  I  think  that  Mr.  Brady  is  in  the  room,  and 
he  can  tell  us  something  of  a  test  he  made  on  the  discoloration 
of  ceilings  and  how  the  sulphur  in  the  gas  entered  into  that  as 
a  factor. 

Mr.  E.  J.  Brady  (Philadelphia) :     About  two  years  ago  I 
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made  a  rather  extended  test  on  the  effect  of  gas  on  the  dis- 
coloration of  ceilings  and  among  the  various  gases  we  tried 
was  a  gas  that  was  absolutely  sulphur  free.  By  "absolutely" 
I  mean  a  small  fraction  of  a  grain  per  lOO  cu.  ft.  Alongside 
of  the  lamp  which  burned  this  gas,  there  was  one  burning 
ordinary  gas  as  it  is  sent  out  through  the  mains.  They  were 
Reflex  lamps,  exactly  the  same,  and  the  entire  equipments 
were  brand  new.  We  burned  these  two  lamps  for  850  hours, 
and  the  lamp  that  burned  ordinary  gas  had  a  heavy  accumula- 
tion of  white  deposit  on  the  inside  of  the  crown  shell.  The 
glass  cylinder  was  covered  with  a  sort  of  frosting.  This 
could  easily  be  washed  off,  but  at  the  same  time,  it  cut  down 
the  candle-power  of  the  lamp.  The  inside  of  the  crown  shell 
of  the  lamp  burning  the  gas  containing  a  small  fraction  of 
sulphur,  was  absolutely  clean,  and  had  retained  its  polish.  It 
could  not  be  distinguished  from  a  new  and  unused  lamp.  The 
glass  cylinder  was  clean  and  had  none  of  this  speckled  effect. 
That  was  the  effect  of  850  hours'  burning. 

The  Chairman:  Wasn't  there  something  about  the  dis- 
coloration of  the  ceiling  that  is  connected  with  this  ? 

Mr.  Brady:  Yes.  The  discoloration  of  the  ceiling  was 
very  greatly  reduced  in  the  case  of  the  lamp  burning  the  sul- 
phur free  gas.  There  was  some  discoloration  and  that,  no 
doubt,  was  due  to  the  heat  alone. 

Mr.  Thomson  :  Will  Mr.  Brady  kindly  tell  us  what  kind 
of  gas  that  was  ? 

Mr.  Brady  :    That  was  a  mixed  coal  and  water  gas. 

Mr.  GartlEy:  I  would  like  to  supplement  one  statement 
that  Mr.  Wrightington  made  with  some  very  interesting  statis- 
tics. In  Philadelphia,  we  find  that  the  percentage  of  gas  sent 
out  between  the  sunset  and  stmrise  hours  has  not  decreased  in 
the  last  five  years. 

The  Chairman:  Here  is  Mr.  Macbeth's  resolution.  A 
recommendation  to  the  Board  of  Directors  of  the  Institute 
that  the  Section  on  Illumination  be  continued,  and  that  the 
duties  of  the  Illumination  Committee  be  to  investigate  and 
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report  on  lamps,  mantles,  fixtures  and  piping  and  other  engi- 
neering aspects  of  gas  lighting. 

(The  motion  was  duly  seconded.) 

The  Chairman  :  This  recommendation,  as  you  have  heard 
it,  has  been  seconded.  Are  there  any  remarks?  All  those  in 
favor  of  this  will  say  aye. 

(The  motion  was  duly  carried.) 

APPOINTMENT  OF  SECTIONAL  NOMINATING 
COMMITTEE. 

The  Chairman  :  As  this  resolution  possibly  may  be  acted 
upon  favorably,  it  puts  us  in  the  position  now  of  having  to 
nominate  three  men  from  this  section  as  candidates  for  Vice- 
President  of  the  Illumination  Section,  for  election  in  1915.  I 
would  like  to  ask  the  nomination  committee,  now  to  be  named, 
to  report  their  recommendation  of  three  names  with  due  speed, 
and  I  will  appoint  as  the  Chairman  of  this  nominating  com- 
mittee Mr.  G.  I.  Vincent,  and  the  other  members  Mr.  E.  N. 
Wrightington  and  Mr.  Sidney  Mason.  We  have  with  us  this 
afternoon  a  gentleman  who  might  be  on  the  other  side  of  the 
fence,  although  I  think  he  has  a  warm  spot  in  his  heart  for  us, 
and  he  is  doing  work  on  a  committee  of  the  National  Electric 
Lamp  Association.  It  is  a  little  piece  of  history  that  the  ap- 
pointment of  a  Committee  on  Illumination  by  the  American 
Institute  of  Electrical  Engineers  was  indirectly  the  reason  for 
having  a  committee  of  a  similar  character  suggested  for  this 
meeting.  The  nature  of  the  work  which  has  been  done  by 
that  other  committee  or  is  contemplated  might  possibly  be 
learned,  and  I  would  like  to  hear  a  word,  if  possible,  from  Mr. 
P.  S.  Millar,  of  New  York,  as  to  parallel  work  which  is  done 
by  the  committee. 

Mr.  Millar:  I  am  on  the  committee.  I  know  it  has 
confined  its  efforts  to  arranging  for  two  or  three  papers  on 
illumination  at  the  annual  convention.  That  committee  has 
considered  that  the  Illuminating  Engineering  Society  is  doing 
the  illuminating  engineering  work  necessary  from  the  electrical 
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engineering  viewpoint,  and  it  has  not  been  actively  engaged 
in  promoting  illiunination  matters. 

The  Chairman  :  In  my  Presidential  address  to  the  Illumi- 
nating Engineering  Society,  I  stated  my  belief  that  it  was 
the  duty  of  that  society  to  tell  us  what  could  be  considered  a 
standard  type  of  fixture  for  a  given  room,  and  I  did  not  care 
what  room  was  chosen ;  you  could  take  a  bath  room,  or  dining 
room  or  any  other  room.  What  would  be  considered  the  stand- 
ard type  of  fixture?  Who  shall  answer  the  question?  The 
Committee  on  Presidential  address,  however,  did  not  think 
that  was  the  duty  of  the  Illvuninating  Engineering  Society. 
Now,  just  as  the  National  Electric  Lamp  Association,  and  the 
Association  of  Edison  Illuminating  Companies  have  considered 
it  a  logical  and  legitimate  field  for  their  endeavor  to  work 
out  a  best  form  of  street  lighting,  so  we  probably  will  have 
in  this  Institute  and  in  the  National  Commercial  Gas  Asso- 
ciation, committees  which  will  work  out  what  they  consider 
to  be  proper  methods  of  street  lighting  and  house  lighting  and 
factory  lighting.  We  have  with  us  this  afternoon — ^he  is  work- 
ing on  that  committee  just  at  present — one  gentleman  who  is 
the  chairman  of  the  Committee  on  Indoor  Lighting  of  the 
National  Commercial  Gas  Association,  and  I  am  wondering 
whether  that  Committee  contemplates  standardizing  illumi- 
nation for  different  classes  of  rooms.  Can  any  one  answer 
for  that  Committee? 

Mr.  T.  J.  LiTLK  (Gloucester  N.  J.)  :     I  had  that  in  mind. 
The  Chairman:    Do  you  think  it  a  legitimate  thing  to 
undertake  ? 

Mr.  Litle:  I  think  that  one  suggestion  alone  would 
provide  enough  work  for  the  committee  for  two  or  three  years 
to  come.  In  other  words,  I  think  it  is  a  very  large  subject 
and  a  very  important  one.  As  I  understand  the  situation,  the 
standardization  would  fix  a  design  for  each  room  in  the  house. 

The  Chairman  :  Yes,  ultimately.  I  do  not  at  present  ask 
for  every  room  in  the  house.    Take,  for  instance,  one  single 
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room.  Why  have  we  come  to  the  dining  room  dome  ?  That  is 
pretty  general  and  pretty  well  agreed  on.  Is  it  the  best  type 
of  illumination  for  a  dining  room?  Is  there  any  diflFerence  of 
opinion  on  that  subject? 

Mr.  Litle:  Yes,  there  is  a  great  deal  of  diflFerence  of 
opinion. 

The  Chairman  :  Why  can't  we  enroll  eight  men  and  put 
them  in  a  room  and  make  them  agree  as  to  some  three  methods 
that  are  best,  so  when  you  do  put  out  something  for  a  dining 
room,  it  won't  be  changed  for  the  next  two  or  three  years  ?  It 
seems  to  me  a  legitimate  field  of  endeavor.  Some  one  has  said 
there  ate  too  many  varieties  of  opinion  and  it  cannot  be  arrived 
at.    Yet  it  must  be  arrived  at. 

Mr.  p.  S.  Young  (Newark)  :  By  any  one  man  I  can  see 
that  a  standard  fixture  for  every  room  could  be  arrived  at,  but 
not  by  a  number  of  men. 

The  Chairman  :  Vet  that  is  the  very  task  which  the  Com- 
mittee on  Street  Lighting  has  .undertaken. 

Mr.  Young  :  I  don't  mean  to  say  that  might  not  be  a  good 
starting  point  anyhow. 

The  Chairman  :  I  would  be  very  much  interested  to  hear 
any  further  remarks. 

Mr.  J.  P.  Hani^an  (Newark)  :  Among  a  number  of  articles 
detailing  new  business  obtained  in  six  months,  published  in  a 
periodical  by  the  National  Gas  Light  Company,  there  is  an 
illustrated  one  in  which  Mr.  Lea  gives  his  information  from 
his  standpoint  and  opinion,  as  to  the  articles  to  use  and  lamps 
and  fixtures  to  use  in  various  rooms  in  the  house.  And  from 
what  I  have  seen  of  them,  the  illustrations  seem  to  be  very 
practicable. 

Mr.  J.  P.  CoNROY  (New  York)  :  From  my  standpoint,  I 
would  think  that  the  dining  room  dome  has  become  pretty  gen- 
erally universally  used,  and  I  think  probably  a  committee 
might  arrive  at  a  conclusion  that  a  room  of  certain  dimensions, 
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(say)  lo  by  12  or  10  by  10,  would  be  about  right  for  a  two- 
light  fixture,  leaving  a  little  range  of  space,  and  then  a  little 
larger  room  for  three  lights,  and  a  still  larger  room  for  four 
lights,  but  it  would  be  a  very  difficult  thing  to  adopt  any 
standard  fixture  for  universal  use. 

Mr.  G.  H.  Waring  (Charleston,  S.  C.) :  I  would  like  to 
take  exception  to  a  remark  made  by  Dr.  Ives.  He  said  one 
of  the  objections  of  gas  was  its  unreliability.  I  think  he 
meant  the  pilot.  I  think  he  said  the  gas.  I  would  hate  that 
to  go  in  the  record.  We  are  always  on  the  spot  with  gas.  I 
was  in  a  city  the  other  day  of  300,000  inhabitants,  and  all  the 
electric  lights,  cars  and  everything  electrical  was  stopped  for 
37  minutes. 

Dr.  H.  E.  Ives  (Philadelphia)  :  Let  me  say  in  introduction, 
that  I  think  the  worst  feature  of  the  gas  lighting  situation  is 
this  reluctance  to  have  facts  go  on  record  for  fear  they  might 
hurt  business.  It  is  due  to  this  that  we  can  have  such  diflferent 
views  expressed  on  matters  which  after  all  are  mere  questions 
of  fact.  I  think  all  the  real  facts  about  gas  lighting  had  better 
go  on  record  and  go  on  soon,  and  so  emphatically,  that  every- 
body will  know  what  is  the  matter,  and  get  busy  trying  to  cor- 
rect it.  It  is  better  to  hurt  business  than  to  let  it  die  through 
false  modesty. 

I  stand  by  my  statement  that  gas  is  unreliable.  I  need  only 
refer  you  to  the  endless  discussion  here  on  pilot  troubles  to 
support  this.  Gas  light  is  tmreliable  in  the  sense  that  it  won't 
stay  put;  it  needs  constant  watching.  A  friend  of  mine  who 
owns  a  photograph  gallery  told  me  that  he  liked  gas  light  very 
well  but  "Every  time  the  pressure  changes,  I  had  to  go  all 
over  my  installation  and  readjust  every  burner.  It  was  simply 
prohibitive,  and  so  I  put  in  electricity."  Gas  may  be  reliable 
in  the  sense  that  you  can  turn  on  an  open  flame  burner  and 
get  a  light,  but  surely  we  cannot  hope  to  advertise  gas  by  the 
fact  that  it  will  give  a  very  inefficient  light  in  the  rare  instances 
where  more  efficient  and  convenient  means  fail.    Our  problem 
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is  to  make  gas  fighting  of  such  a  character  that  the  consumer 
will  choose  it  for  constant  use. 

Mr.  Waring:  I  am  in  the  electric  business  as  well  as  the 
gas  business.  I  know  the  weaknesses  of  both.  I  have  never 
had  any  trouble  with  keeping  a  properly  constructed  gas  burner 
in  shape  and  going,  and  we  seem  to  be  blamed  here  for  all  the 
complaints  that  are  sent  to  the  station.  An  electric  station  is 
a  model.  The  trouble  is  with  the  manufacturer  of  the  gas 
burner.  If  you  buy  a  good  gas  burner,  you  won't  have  any 
trouble  in  keeping  your  pilot  light  going,  provided  you  don't 
put  it  directly  in  the  way  of  an  electric  fan  or  some  undue 
exposure  or  something  of  that  kind.  We  have  had  storms 
where  the  wind  blew  105  miles  an  hour,  and  we  did  not  suspend 
gas  supply  a  minute,  but  the  electric  lights  were  all  out  in  the 
street  and  the  people  were  depending  entirely  on  gas.  I  do 
not  believe  that  this  trouble  is  up  to  the  central  station.  At 
the  electric  station,  the  appliance  people  come  and  help  you 
out  on  these  propositions  and  put  the  goods  in  your  hands  to 
solve  your  problems.  The  electric  central  station  does  not 
have  to  go  out  and  show  the  manufacturers  how  to  build  their 
lamps.  I  claim  that  the  electric  central  station  doesn't  give  as 
good  service  as  the  gas  central  station.  The  gas  people  arc 
not  asleep.  I  resent  that  inference.  All  I  have  heard  since 
I  have  been  in  this  room  is  the  statement  that  the  gas  man 
is  asleep,  he  is  making  poor  gas,  don't  keep  up  his  burners,  and 
the  appliance  man  is  making  up-to-date  stuff,  and  all  he  has  got 
to  do  is  to  put  it  on  and  go  ahead.  It  is  not  so.  The  electric 
appliance  man  comes  and  puts  a  good  lamp  in  your  hands  and 
shows  you  how  to  sell  it.  That  is  the  reason  the  electric  cen- 
tral station  is  better  equipped  than  the  gas  central  station. 

The  Chairman:  Mr.  Waring  has  troubles,  but  they  are 
due  to  the  lamps  and  not  to  the  gas  manufactured. 

Mr.  Waring  :  I  might  say  we  have  had  troubles  in  the  past 
until  we  found  out  the  proper  lamps  to  purchase.  We  don't 
have  lamp  trouble  now. 


Digitized  by  VjOOQIC 


943 

The  Chairman  :  The  result  of  this  as  I  see  it,  Mr.  Waring, 
would  be  that  there  is  possible  a  specification  of  a  standard 
lamp,  or  at  least  you  can  specify  the  conditions  under  which  a 
good  lamp  can  be  built,  because  you  have  good  lamps.  You 
can  get  good  lamps,  and  there  are  poor  lamps.  Then  there  is 
room  for  the  committee  to  work,  isn't  there,  just  as  there  has 
been  in  all  the  other  kinds  of  gas  appliances? 

Mr.  Waring  :  The  only  thing  I  took  exception  to  was  the 
fact  the  gas  manager  was  making  poor  gas,  and  that  that  was 
the  cause  of  all  these  troubles.  I  say  the  trouble  is  with  the 
manufacturer  of  fixtures.  He  is  not  putting  in  our  hands 
equipment  to  compete  with  the  electric  man.  The  electric 
manufacturer  is  putting  in  the  hands  of  the  central  station, 
electric  appliances  to  compete  with  gas. 

The  Chairman:  You  missed  one  part  of  the  discussion 
which  really  started  this  particular  line  of  talk  against  the 
central  station.  One  of  the  gentlemen  who  talked  here  did 
give  a  list  of  four  troubles  he  had ;  and  of  those  four  troubles, 
three  of  them  seemed  to  be  up  to  the  central  station  in  his 
town.  That  is  where  this  particular  talk  began.  If  you  had 
been  here  I  think  you  would  have  found  it  traceable  to  that 
rather  than  to  the  entire  meeting. 

Mr.  G.  W.  Thomson  (Chester,  Pa.) :  I  would  like  to  know 
if  any  company  representatives  in  the  room  are  making 
periodical  inspections  of  the  house  lighting  system;  whether 
they  are  giving  free  inspection  and  making  a  charge  for 
material  used.  •  Is  it  done  systematically  in  every  house  ? 

The  Chairman  :  Does  any  one  wish  to  answer  that  ques- 
tion? 

(No  response.)  Apparently  not.  I  would  like  to  hear 
from  the  Nominating  Committee  if  it  is  ready  to  report. 

REPORT  OF  SECTIONAL  NOMINATING 
COMMITTEE. 

Mr.  G.  I.  Vincent  (Des  Moines,  la.):  Your  Committee 
begs  to  report  as  follows  for  the  three  candidates :   Mr.  W.  J. 
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Serrill,  of  Philadelphia;  Mr.  C.  M.  Cohn,  of  Baltimore;  and 
Mr.  C.  O.  Bond,  of  Philadelphia. 

The  Chairman:  You  have  heard  the  recommendation  of 
the  Committee.    What  is  your  pleasure? 

The  motion  was  made  that  the  report  be  adopted.  The 
motion  was  duly  seconded  and  carried. 

The  Chairman:  I  thank  you  very  much  for  your  pres- 
ence here  this  afternoon  in  such  numbers. 

Adjourned,  5  45  p.  m. 
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